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Abstract - The purpose of this study was to obtain beef 
top loin steaks (n = 1,613) from retail stores in four 
cities across the United States for Warner-Bratzler 
shear force (WBSF), slice shear force (SSF) and 
consumer sensory determinations.  Personnel at four 
universities (California Polytechnic State University, 
Colorado State University, University of Missouri and 
Texas A&M University) conducted the study over a 12-
month period. Enhanced/blade tenderized top loin 
steaks had the lowest (P < 0.05) WBS and SSF values, 
whereas non-enhanced top loin, bone-in had the highest 
(P < 0.05) WBS and SSF values.  Enhanced/blade 
tenderized top loin steaks received the highest (P < 
0.05) ratings by consumers for palatability scores 
whereas non-enhanced top loin, bone-in steaks had the 
lowest (P < 0.05) consumer panelist ratings. USDA 
quality grade did have an effect (P < 0.05) on the 
tenderness of the non-enhanced steaks. The WBS 
values and consumer sensory values for top loin steaks 
were comparable to the 2010 National Beef Tenderness 
Survey, signifying that no drastic changes in tenderness 
have occurred due to changes in antemortem or 
postmortem conditions. 
I. INTRODUCTION  
Consumer satisfaction is an important factor 
influencing the amount of beef that is purchased by 
households in the United States [1]. The Beef 
Consumer Satisfaction Study showed that tenderness 
is a highly influential attribute that affects a 
consumers’ eating experience [2]. Additional 
research shows that consumers are willing to pay a 
premium for guaranteed tender beef products [3]. 
 
In 1990, the first National Beef Tenderness Survey 
[4] was conducted to determine the tenderness of 
beef in retail cases across the U.S. based on Warner-
Bratzler shear (WBS) force values and trained 
sensory panels. Morgan et al. [4] solely focused on 
the retail sector and showed tenderness concerns for 
the round, and chuck subprimals.  The 1991 National 
Beef Tenderness Survey also served as a benchmark 
for tenderness at the retail level.  In the 2010 National 
Beef Tenderness Survey [5], the collection period 
was adjusted to 12-months to account for seasonal 
changes of product in retail and foodservice markets.  
There is a continuous need for monitoring tenderness 
of beef products, and these surveys have allowed the 
beef industry to make comparisons and improve beef 
tenderness.  The objective of the current project was 
to evaluate top loin steaks from four U.S. cities for 
Warner-Bratzler shear force, sliced shear force, and 
sensory evaluations, and to compare the findings to 
the 2010 National Beef Tenderness Survey. 
II. MATERIALS AND METHODS 
A. Product selection 
Personnel at four universities (California Polytechnic 
State University, Colorado State University, 
University of Missouri, and Texas A&M University) 
selected steaks (n = 1,613). Collaborators sampled 
four metropolitan areas chosen to represent a broad 
geographical range, and to maintain some historical 
linkage with cities that have been utilized in past 
National Beef Tenderness Surveys. U.S. metropolitan 
areas included: Los Angeles, California; Denver, 
Colorado; Kansas City, Missouri, and Houston, 
Texas. Each city was sampled four times from July 
2012 to May 2013. In each metropolitan area, 
approximately 20 supermarket or wholesale club 
stores were sampled. Steak packages were selected 
from various locations within each retail case and 
represented the various programs and brands offered 
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by each retailer.   
B. Retail sale parameters 
Information gathered during in-store steak collection 
included U.S. Quality Grade, enhanced/non-
enhanced, brand name, and other items not reported 
here. Collected steak packages were bagged, placed 
in insulated coolers with refrigerant, and transported 
to respective universities. 
C. Sample processing 
Steaks collected by personnel at universities other 
than Texas A&M University, then were frozen and 
shipped via overnight courier in insulated containers 
with refrigerant to ensure products arrived at Texas 
A&M University in a frozen state. 
D. Warner-Bratzler shear force  
Steaks were cooked on a grated, non-stick electric 
grill (Hamilton Beach™ Indoor/Outdoor Grill, 
Southern Pines, NC). All steaks were turned upon 
reaching 35˚C, and removed from the grill upon 
reaching an internal temperature of 70˚C. Internal 
temperature was monitored with a thermocouple 
(Omega™ HH501BT, Stamford, CT) using a 0.02 
cm diameter, copper constantan Type-T 
thermocouple wire. Steaks were then cooled for 
approximately 16 hours at 2 to 4˚C.   
After cooling, steaks were trimmed of visible fat and 
heavy connective tissue to expose muscle fiber 
orientation.  At least six 1.3 cm cores were removed 
from each steak at locations from the medial, middle 
and lateral portions.  Cores were removed parallel to 
the muscle fibers and sheared once, perpendicular to 
the muscle fibers, on a United Testing machine 
(United SSTM-500, Huntington Beach, CA) at a 
cross-head speed of 500 mm/min using an 226.8 kg 
load cell, and a 1.02 cm thick V-shape blade with a 
60° angle and a half-round peak. The peak force (N) 
needed to shear each core was recorded, and the 
mean peak shear force of the cores was used for 
statistical analysis. 
E. Slice shear force  
Steaks were cooked in the same manner previously 
described.  After cooking, each steak was trimmed of 
visible fat and connective tissue. A cut was made 
across the width of the M. longissimus lumborum at a 
point about 1 to 2 cm from the lateral end of the 
muscle. Using the sample-sizing box, a second cut 
was made across the width of the M. longissimus 
lumborum parallel to and at a distance of 5 cm from 
the first cut. A 1 cm  5 cm slice was removed from 
the lateral end of the steak at a 45˚ angle parallel to 
the muscle fibers. The slice shear force was 
performed on the United Testing machine, as 
previously described, and the peak force (N) needed 
to shear each slice was recorded, and used for 
statistical analysis. 
F. Consumer sensory panel 
Steaks were assigned randomly to panelists for 
evaluation. Each panelist received two 1.27 cm cubes 
of each sample and evaluated four random samples 
during the session. Samples were characterized using 
10-point hedonic scales for overall like (10 = like 
extremely; 1 = dislike extremely), overall like of 
tenderness (10 = like extremely; 1 = dislike 
extremely), intensity of the tenderness (10 = 
extremely tender; 1 = extremely tough), overall like 
of flavor (10 = like extremely; 1 = dislike extremely), 
level of beef flavor (10 = extremely intense; 1 = 
extremely bland/no flavor), overall like of juiciness 
(10 = like extremely; 1 = dislike extremely), and 
level of juiciness (10 = extremely juicy; 1 = 
extremely dry). 
F. Statistical analysis 
Data were analyzed as analysis of variance using 
PROC GLM of SAS (SAS Institute, Inc., Cary, NC).  
Least squares means were generated for main effects 
and separated using PDIFF option when appropriate 
with an alpha-level (P < 0.05).  
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III. .  RESULTS AND DISCUSSION 
A. Warner-Bratzler shear force 
Top loin steaks had lower (P < 0.05) WBS values 
compared to top loin bone-in steaks (Table 1). 
Guelker et al. [5] found similar least squares means 
for WBS values of top loin steaks. When comparing 
our data to those from studies by Morgan et al. [4] 
and Brooks et al. [6] WBS values have decreased.  
However, an increase in WBS values can be seen 
when comparing data from our study to those from 
Voges et al. [7]. It should be noted that when 
stratified by enhancement/blade tenderization, WBS 
values were significantly lower (P < 0.05) for 
enhanced, top loin steaks compared to either of the 
non-enhanced steak groups (data not shown in 
tabular form).   
 
Table 1 Least squares means and standard errors for 
Warner-Bratzler shear values (N) and slice shear values 
(N) of retail steaks 
 Warner-Bratzler 
Shear, N 
Slice shear values, 
N 
Steak Mean SE Mean SE 
Top loin 24.5a 0.36 152.0 2.00 
Top loin, bone-in 27.2b 0.89 160.1 4.75 
P-value 0.0063  0.0091  
 
 
Belew et al. [8] and Shackelford et al. [9] developed 
tenderness categories based on WBS values.  These 
categories were to be used stratify retail steaks into 
tenderness classes. The percentage of top loin steaks 
across tenderness categories four our study can be 
seen in Table 2. These values are similar to data 
reported by Guelker et al. [5] and Emerson et al. 
[10]. Although enhanced and/or blade tenderized 
steaks are not eligible for tenderness claims, all of 
the enhanced/blade tenderized top loin steaks would 
have had shear values needed to be eligible for the 
very tender class.   
 
Table 2 Percentage (%) distribution of retail steaks 















Top loin 80.9 10.8 5.1 3.2 
Top loin, 
bone-in 
76.3 12.7 6.8 4.2 
 
B. Slice shear force 
 
In the current study, SSF values for top loin steaks 
were similar to top loin bone-in steaks (Table 1). 
When stratified by enhancement, enhanced/blade 
tenderized top loin steaks were lower (P < 0.05) in 
SSF values (data not shown in tabular form).  
According to the proposed standard for SSF 
specifications for tenderness marketing claims 
developed by the ASTM International Committee 
F10.60 on Livestock, Meat and Poultry Marketing 
Claims, approximately 85% of the steaks evaluated 
with the SSF objective tenderness measurement met 
the criteria, SSF ≤ 20 kg or 196.1 N, to be 
considered Certified Tender which is similar to the 
amount of steaks that qualified for the same program 
found in Emerson et al. [10].   
 
C. Consumer sensory evaluations 
 
The top loin received the highest (P < 0.05) ratings 
by consumers across all categories, while top loin, 
bone-in steaks received the lowest (P < 0.05) ratings 
by all consumers. When stratified by enhancement, 
enhanced/blade tenderized top loin steaks received 
the highest (P < 0.05) ratings in tenderness level and 
flavor like/dislike categories compared to their non-
enhanced counterparts (data not shown in tabular 
form). The top loin was similar in consumer 
rankings to those documented by Voges et al. [7] 
while the top loin bone-in data more closely 
resembled the data presented by Guelker et al. [5]. 
IV. CONCLUSIONS 
In general, WBS values for the current study appear 
to be similar in those found in the 2010 National 
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Beef Tenderness Survey [5]. When compared to 
other National Beef Tenderness surveys, top loin 
WBS values have increased from the 2006 survey, 
but decreased from the 1991 and 2000 surveys.  
Consumer panelist data for top loin steaks have 
remained constant. Information from our study will 
serve as a benchmark for retail beef tenderness and 
will be used to support further research to improve 
the tenderness of beef in the U.S. retail sector. 
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Abstract-This study was conducted to 
determine the effects of freezing and storage 
period on the quality characteristics of 
young camel meat. Longissimus dorsi  
muscle of eight intact Najdi camel males (12 
months) was excised at 24 h postmortem, 
then cut into 5 steaks of 2.5 cm thick. 
Thereafter, they were vacuumed packaged 
and frozen at -10 4° C for 14, 30, 60, 90 and 
120 days. The results showed that freezing 
of vacuum packaged meat after 24 h 
postmortem has no effects on most of the 
camel meat quality characteristics during 
the first two months.It is concluded and 
recommended to consume frozen camel 
meat before exceeding the first 60 days. 
 
I. INTRODUCTION 
There are many practices for preserving 
and extending shelf-life of meat and meat 
products. Among these are drying, salting, 
chilling and freezing. The latter practice 
has known for a long time as a way of 
keeping meat for an extended period of 
months without much changing in its 
eating quality traits. It is well known that 
Saudi consumer used to buy larger 
quantities of fresh meats and freeze them 
to be consumed later during periods that 
may exceed the four months. It is noticed 
that some of the meat quality 
characteristics as taste and tenderness are 
altered after the prolonged periods of 
freezing. It is reported that many factors 
are involved in determining quality 
attributes of meat. Tenderness, color, 
juiciness and flavor are some examples. 
Any deviation out the range of 
acceptability of these factors will lead to 
downgrade of the meat and meat products. 
The objective of this study was to evaluate 
effects of freezing and storage period on 
quality characteristics of young camel 
meat. 
 
II. MATERIALS AND METHODS 
Eight intact males of Najdi camel breed 
(Arabian one-humped species) were used 
in this experiment. They were 
homogeneous in their age (around 12 
months) and weight (around 120 kg). After 
the slaughter procedure which was Halal, 
Longissimus dorsi (LD) muscles were 
removed and stored at 4 C for 24 h post-
mortem. Then each muscle was cut into 5 
steaks of 2.5 cm thick, vacuumed package 
and held frozen in a completely 
randomized design for 14, 30, 60, 90 and 
120 days postmortem at -10º C. The day 
one was regarded as a control group. After 
the first 24 h (control) and at the end of 
each storage period, the following 
analyses were performed on the muscle 
samples: pH, color coordinates, cooking 
loss, drip loss, shear force, sarcomere 
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length and thiobarbituric acid value 
(TBA). Muscle sample pH was determined 
after 24 h using a portable meat pH meter 
(HI 99163, Hanna Instruments, USA). The 
CIE 1976 color coordinates (L* for 
lightness, a* for redness, and b* for 
yellowness) were measured using a 
colorimeter (Konica Minolta,  CR-400 
series, Japan). To determine drip loss, a 
standardized (5 X 4 cm) steak of the LD 
muscle sample weighing around 50 g was 
kept in a plastic bag and suspended in a 
cooler at (4º C) for 24 hours. Thereafter, 
the sample was reweighed and the drip 
loss value was calculated as a percentage, 
based on the initial sample weight. 
Cooking loss and shear force were 
determined as described by  Al-Owaimer 
et al. (2014), where the muscle sample 
was cooked to an internal temperature of 
70ºC. The temperature was adjusted by 
inserting a thermocouple thermometer 
probe (Ecoscan Temp JKT, Eutech 
Instruments) into the center of the muscle. 
The cooking loss percentage was 
determined as the difference between the 
initial and final weights. Then, the cooked 
sample was used to evaluate shear force, 
according to the procedure described by 
Wheeler et al. (2005). In brief, the cooked 
samples were cooled to room temperature 
(21ºC), then three round cores (1.27 cm in 
diameter) were removed from each muscle 
sample parallel to the longitudinal 
orientation of the muscle fibers. Cores 
were obtained using a handheld coring 
device. Shearing force was determined as 
the maximum force (Kg) perpendicular to 
the fiber using Texture Analyzer (TA-HD-
Stable Micro Systems, England) equipped 
with a Warner-Bratzler attachment. The 
crosshead speed was set at 200 mm/min. 
The sarcomere length (SL) of the LD 
samples was determined by removing 
three longitudinal samples (3 cm × 3 cm × 
2 cm) and storing them in a 5% 
glutaraldehyde solution for 4 h at 4°C. 
Then, laser diffraction was used to 
measure the SL of each sample according 
to the method described by Cross et al. 
(1981). Thiobarbituric acid value (TBA) 
was evaluated using acid extraction 
method described by Lynch and Frei 
(1993). One gram (1 g) of a muscle sample 
was homogenized in 10 ml KCl 0.15 M + 
BHT 0.1 mM with an Ultra Turrax® (1 
min, medium speed). A sample of 0.5 ml 
of homogenate was incubated with 1% 
(w/v) 2-thiobarbituric acid in 50 mM 
NaOH (0.25 ml) and 2.8% (w/v) 
trichloroacetic acid (0.25 ml) in a boiling 
water bath for 10 min. After cooling at 
room temperature (23º C) for 20 min, the 
pink chromogen was extracted with n-
butanol (2 ml) and its absorbance 
measured at 535 nm against a blank of n-
butanol. TBA-RS concentrations were 
calculated using 1,1,3,3 
tetraethoxypropane (0–0.8 μM) as 
standard. The results were expressed as 
mg MDA per kg of meat. The obtained 
data were statistically analyzed using 
GLM procedure of SAS (Version 9.3®, 
SAS Institute Inc, Cary, NC, USA). 
                       48
 
III. RESULTS AND DISCUSSION 
Table (1) represents the effects of 
freezing and storage period on 
physiochemical and quality traits of 
young camel meat. The results showed no 
significant differences in pH between the 
control and the 14, 30, 60 days groups. 
But the pH value was noticeably 
increased (P < 0.05) with the increase of 
the freezing period. Thus groups 90 and 
120 days reflected significant differences 
(P < 0.05) with the rest of the treatments, 
but not so with each other. Parrish et al. 
(1969) mentioned that freezing leads to an 
increase in meat pH. The cooking loss 
percentage was increased significantly (P 
< 0.001) as a result of freezing, but no 
significant differences between the 
freezing groups. This result is matched 
with that reported by Crouse and 
Koohmaraie (1990) who stated that 
cooking loss was increased in beef as a 
result of freezing. The reason was 
ascribed to the formation of ice crystals 
that led to cell membrane rupturing. On 
the other hand, the drip loss showed no 
significant differences between the 
groups. This conclusion regarding drip 
loss is coincided with that reported by 
Muela et al. (2010) who mentioned that 
fresh meat had smaller total losses than 
did thawed meat, but losses were not 
significantly different from frozen meat. 
It is rported in this study the shear force 
of the frozen meat was significantly (P < 
0.001) increased as the storage period 
increased until the second month, then 
decreased at the third and fourth months. 
This result is in agreement with that 
represented by El-Banna et al. (1982) and 
Boles and Suan (2002) who studied the 
effects of freezing on palatability traits of 
lamb meat and sensory characteristics of 
cooked roast beef, respectively. The 
sarcomere length also showed significant 
(P < 0.05) differences between the 
treatments, but without consistent pattern. 
It is reported that differences in 
tenderness may occur without concurrent 
changes in sarcomere length (Morgan, 
1995). The TBA values increased 
significantly (P < 0.001) in 90 and 120 
days. The rest of the groups showed no 
significant differences between them. 
Also this result of TBA values obtained 
here is in line with that stated by Ziauddin 
(1993) who showed an increase in TBA 
values of frozen buffalo meat, and 
Caldironi and Bazan (1982) observations 
on frozen beef. The color coordinates L* 
(lightness) and a* (redness) did not differ 
between the treatment groups, while 
yellowness (b*) values were significantly 
(P < 0.001) different between 1, 14, 30 
and 120 days in one hand and 90 and 120 
days in the other hand, but not so between 
the latter groups. Contradictive results 
were reported in this direction. 
Bhattacharya et al. (1988) showed higher 
values of color components on ground 
beef patties as a result of freezing. 
Contrary, Boles and Swan (2002) stated 
no effect of freezing on frozen cooked 
meat. While Sakata     et al. (1995) 
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It is concluded that freezing of vacuum 
packaged meat after 24 h postmortem has 
no effects on most of the camel meat 
quality characteristics during the first two 
months. In the third and fourth months 
there was an increase in lipid rancidity, 
thus, it is recommended to consume frozen 
camel meat before exceeding the first 60 
days. 
 
Table 1. Effects of freezing and storage period on physiochemical and quality traits of young 
camel meat (mean ± SD) 
†TBA value was measured spectrophotometrically at absorption of 535 nm 
a, b, c      Means with different superscripts are significantly different at P < 0.05 
*Significant difference between means 
NS  No significant difference between means 
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Abstract- This study was carried out with an 
objective to evaluate the emu meat quality, 
proteome and ultra-structural characteristics and 
to develop emu meat products and study their 
acceptability. The results of physico-chemical 
characteristics, scanning electron microscopy 
(SEM) and protein characterization using two-
dimensional electrophoresis (2-DE) are similar to 
the earlier reports for meats from other food 
animals.  Sensory evaluation of different emu 
meat products revealed acceptable scores relative 
to chicken or goat meat products. Present study 
revealed the potential of emu meat as a new 
source of low fat, quality meat proteins with good 





Emu (Dromaius novaehollandiae) meat is 
perceived and marketed as a healthy alternative 
to other red meats due to its leanness, low 
cholesterol content and a favorable fatty acid 
profile (1, 2). Emu meat has similarities both 
with poultry and red meats. The post-mortem 
changes viz, time required to reach ultimate pH 
and post-mortem proteolysis (ageing) in emu 
meat is very rapid like in other poultry meats. 
On the other hand, the color and texture 
characteristics are similar to red meats (2). A 
good number of sensory studies conducted with 
emu meat in comparison to beef have rated emu 
meat on the lower side because of its gamey 
odour and liver-like/ giblet flavor (3). 
Information on processing of emu meat into 
value added meat products and their 
acceptability is also limited (4). 
 
Due to the fact that emu meat is relatively new 
and unfamiliar to processors and consumers, it is 
important to extensively study this meat source 
and determine proper processing requirements to 
create a potential market. Present study was 
conducted to determine the effect of ageing on 
emu meat quality, ultra-structure and proteome 
changes using 2-DE. Processing of emu meat 
into different value added products and the 
sensory attributes of emu meat were also 
evaluated relative to other meats.  
 
II. MATERIALS AND METHODS 
 
Emu birds (14-15 months age) were slaughtered 
at Krishna Emu Products Ltd., Vijayawada, 
India according to traditional halal method, 
chilled for 12 hours and later transferred to 
National Research Centre on Meat, Hyderabad 
for further experiments. Deboned emu meat 
cubes were packaged under atmospheric 
conditions and subjected to ageing at 4 ˚C for 9 
days. Emu meat was analyzed for proximate 
composition, ultra-structural quality (Scanning 
electron microscopy, SEM). During ageing the 
samples were also analyzed for pH, water 
holding capacity (WHC), protein extractability, 
myofibrillar fragmentation index (MFI), muscle 
fibre diameter, sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-
PAGE), and Warner-Bratzler shear force. 
Proteome changes were also observed using 
two-dimensional gel electrophoresis (2-DE).  
Processing technologies for production of value 
added emu meat products viz, emulsion 
sausages, restructured meat slices and chunked 
meat curry were optimized using different 
combination meats and other non-meat 
ingredients and sensorily evaluated in 
comparison to other commonly consumed meat 
products from chicken and goat meat. 
Experiment was repeated three times on 
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different occasions and the data were analyzed 
statistically.  
 
III. RESULTS AND DISCUSSION 
 
Proximate composition of emu meat indicated 
higher protein and ash content and lower fat, 
total lipids and cholesterol content compared to 
the reports for meat from other meat animals 
(5).The SEM photographs (Fig. 1) revealed 
orderly arranged muscle fibre bundles with less 




Fig. 1.Scanning electron micrographs of fresh 
emu meat 
 
Improvement (P<0.05) in WHC, MFI and 
protein extractability with ageing was observed 
(Table 1). Lipid oxidation and discoloration as 
indicated by thiobarbituric acid reactive 
substances and % metmyoglobin, respectively 
increased (P<0.05) during ageing of emu meat. 
Reduction (P<0.05) in Warner-Bratzler shear 
force values from 59.4±1.36 N on day’0 to 
44.5±1.49N on 6th day was observed. Sodium 
dodecyl sulphate polyacrylamide gel 
electrophoresis (SDS-PAGE) analysis revealed 
the appearance of 30-kDa protein bands, 
indicating extensive proteolysis on 6th day of 
aging. Proteome analysis using 2-dimensional 
gel electrophoresis (2DE) revealed no change 
(P>0.05) in total number protein spots during 
different aging period (Fig. 2). However, 
significant (P<0.01) changes in number of 
differentially expressed protein spots were 
observed during ageing. 
 
 
Fig. 2. Two-DE photographs of emu meat proteins 
during ageing; A. 0’day, B. 6’day 
 
Table 1.  Effect of ageing on physico-chemical 
and histological quality of emu meat 

























































































     
Note: Means ± SE bearing same superscripts row-
wise do not differ significantly (P>0.05); *TBARS, 
Thiobarbituric acid reactive substances (n = 3) 
  
Sensory evaluation of emu meat emulsion 
sausages, restructured emu meat slices and 
chunked emu meat curry by experienced panel 
members revealed lower scores (P>0.05) relative 
to similar products from chicken and goat meat 
(6). Emu meat products scored less for 
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appearance and juiciness because of the dark 
color of the emu meat and significantly lower fat 
content (<0.5%) which makes the product dry. 
However, combination products prepared with 
emu meat and chicken (upto 30% substitution) 
resulted in acceptable scores similar to only 
chicken or goat meat products. Chunked emu 
meat products scored equally for 
texture/tenderness similar to other meats. Emu 
meat or its products did not give any gamey 




Present study indicates the quality changes and 
improvement in tenderness of emu meat during 
aging at 4 ˚C under atmospheric conditions. 
Eventhough, emu meat products are sensorily 
acceptable, processing of emu meat into value 
added meat products requires different strategies 
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Abstract – The impact of hedonic evaluation on 
Spanish consumers’ preferences towards beef 
attributes including its enrichment with 
polyunsaturated fatty acids (n-3: omega-3 and CLA: 
conjugated linoleic acid) was analysed using choice 
experiments (CE). 642 consumers from three Spanish 
cities were divided into two groups and half of them 
received information about n-3 and CLA fatty acids. 
Consumers evaluated the relative importance of beef 
attributes and their levels by conducting a CE, 
subsequently tasted four different beef samples and 
concluded by repeating the CE. Results showed 
higher consumers’ overall acceptability scores for 
beef enriched with n-3 and CLA than conventional 
beef, and the information offered to consumers had 
no significance impact on their acceptability scores. 
However, the hedonic evaluation had a significant 
impact on consumer beef preferences, in particular, 
for the animal diet attribute. The utility for beef 
enriched with n-3 fatty acids increased significantly 
after tasting, especially for the non-informed 
consumers. 
 
Key Words – polyunsaturated fatty acids, omega-3, 
conjugated linoleic acid, consumer preferences, meat, 
choice experiments.  
 
I. INTRODUCTION 
Health concerns are becoming one of the most 
relevant predictors for food consumption (4). This 
tendency has given rise to a new range of products 
on the market that try to improve health and 
reducing the risk of certain diseases. The number of 
reduced-fat foods and increased levels of 
unsaturated fatty acids have gained market shares. 
Thus, potential demand of enriched or functional 
meat is expected in Spain. The main objective of 
this paper was twofold: first to analyse the impact of 
hedonic evaluation on consumers’ preferences for 
beef attributes including its enrichment with 
polyunsaturated fatty acids (n-3 and CLA), and 
second to assess the impact of information on 
overall beef acceptability scores for beef. 
 
II. MATERIALS AND METHODS 
Methodological framework 
Our methodological framework consisted of three 
main steps: a choice experiment, a hedonic test and a 
repetition of the choice experiment.  The first part 
focussed on analysing consumers’ preferences using 
hypothetical choice experiments (CE) towards beef 
attributes and its enrichment with n-3 and CLA fatty 
acids. In the second stage, consumers’ beef 
acceptability was carried out by blind tasting of four 
types of beef samples from animals fed one of four 
different diets: a) conventional (standard commercial 
diet), b) enriched with n-3, c) enriched with CLA and 
d) enriched with both n-3 plus CLA. Consumer 
overall acceptability of beef samples was assessed 
using a 9-point hedonic scale (1 = dislike extremely to 
9 = like extremely). After tasting the samples, all 
consumers were told what type of beef they have 
tasted. Finally, in the third phase, the potential impact 
of hedonic evaluation on consumers’ preferences for 
beef attributes including its enrichment with n-3 and 




The application of the CE implies the presentation 
to “subjects” an array of “choice sets” representing 
different possible states of the good of interest (beef 
in our case). Subjects are asked to select their 
preferred “product” within each choice set or none. 
Then, the probability of choosing one product in 
each choice set can be calculated in order to obtain 
the relative importance of attributes and their levels. 
Further details about CE can be found in (1). 
 
Attributes and choice set construction 
From a literature review, we identified a set of 
attributes and their levels to construct the choice 
sets: fat (slight, moderate), price (high, medium-
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high, medium-low, low), color (pale red, bright 
red), origin (local, other Spanish origin), and animal 
diet (conventional, enriched with n-3, enriched with 
CLA, enriched with n-3 plus CLA). Following an 
orthogonal fractional factorial design, 2 different 
versions of 8 choice sets were presented to 
individual respondents. 
 
Consumer sample selection and data analysis 
Consumers were from three Spanish cities 
(Barcelona, Zaragoza and Pamplona), over 18 years 
of age who regularly purchase food and beverages 
and having purchased beef in the last month. Data 
were analyzed using the NLOGIT 5 and the 
Random Parameter Logit model. 
 
III. RESULTS AND DISCUSSION 
The relative importance of beef attributes is 
presented in Table 1. The relative importance of the 
attributes before the hedonic test was different for 
both groups of consumers, showing that the 
information provided had an impact on their beef 
preferences. Thus, for non-informed consumers, fat 
was the most important attribute while it was the 
least important for the informed ones. There is a 
clear impact of information on their choices, 
indicating that consumers are less concerned about 
the amount of visible fat in beef as long as it is 
enriched with beneficial fatty acids. Diet was not 
important in the beef purchasing decisions of 
uninformed consumers, but was the second most 
important for informed consumers. 
 
Table 1. Relative importance of beef attributes (%) for 
informed and non-informed consumers before and after 






Pre test Post test Pre test Post test 
Fat content 36.20*** 19,70%*** 11.39** 14.11%*** 
Colour 16.79*** 9,91%*** 16.65*** 13.91%*** 
Origin 16.30*** 7,34%*** 15.40*** 10.11%*** 
Diet 1.48…. 39,53%*** 25.93*** 28.68%*** 
Price 29.23*** 23,50%*** 30.64*** 33.19%*** 
Significance levels: *** p<0.01; **p<0.05; * p< 0.10 
 
Analysing preferences before and after the hedonic 
test within each group, results showed significant 
modifications in the relative importance of the 
attributes for the non-informed consumers, while 
minor changes happened for the informed ones in 
their beef choices. Thus, the heterogeneous 
preferences identified before the hedonic test tended 
to be more homogeneous between the groups of 
consumers after tasting. In this context, a significant 
change for non-informed consumers resulted in the 
diet preference which have moved from a non-
significant preference to the most important one. 
To better understand the attribute consumer 
preferences, the relative importance of the levels of 
each attribute was calculated (Table 2). Results for 
the animal diet attribute showed that the utility for 
beef enriched with n-3 increased, while the 
preference for beef from animals fed the 
conventional diet decreased for both groups of 
consumers. However, there is a consensus to reject 
beef enriched with CLA before and after the 
hedonic test. After tasting, utilities for CLA 
enriched beef were still not significant, while 
utilities for n-3 enriched beef increased 
significantly. Results show that consumers clearly 
prefer n-3 over CLA-enriched beef likely because 
consumers are more familiar with n-3 enriched food 
products, even those that received information about 
the enrichment process and the health benefits of n-
3 and CLA. 
 
Table 2: Utilities associated to beef attributes and their 
levels for informed and non-informed consumers before 





 Pre test Post test Pre test Post test 
Amount of visible fat     
Slight visible fat 0.529*** 0.399*** 0.175* 0.208*** 
Moderate visible fat -0.529*** -0.399*** -0.175* -0.208*** 
Beef color     
Bright red 0.245*** 0.199*** 0.255*** 0.205*** 
Pale red -0.245*** -0.199*** -0.255*** -0.205*** 
Origin     
Locally produced 0.238*** 0.148*** 0.236*** 0.149*** 
Other Spanish origin -0.238*** -0.148*** -0.236*** -0.149*** 
Animal diet     
Conventional 0.008 -1.036*** -0.496*** -0.539*** 
Enriched with n-3 0.025 0.562*** 0.208*** 0.299*** 
Enriched with CLA -0.018 0.133 -0.012 -0.067 
Enriched with n-3 & CLA -0.016 0.340*** 0.300*** 0.307*** 
Beef  price     
6.6€ (high) -0.515*** -0.562*** -0.642*** -0.647*** 
5.7€ (medium-high) 0.093 -0.127* 0.179*** 0.016 
4.8€ (medium-low) 0.339*** 0.300*** 0.299*** 0.333*** 
3.9€ (low) 0.083 0.389*** 0.164** 0.297*** 
Significance levels: *** p<0.01; **p<0.05; * p< 0.10 
 
IV. CONCLUSION 
Results showed that hedonic evaluation had a 
significant impact on defining consumer beef 
preferences, especially for non-informed 
consumers. Focusing on the animal diet attribute, 
utilities for n-3 enriched beef increased after tasting 
especially for non-informed consumers, while 
utilities for CLA enriched beef were still not 
significant after tasting for all consumers. Provided 
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information about the enrichment process and the 
health benefits of n-3 and CLA fatty acids had no 
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Two branded beef programs based on producer-
defined production systems differentiated by 
intangible credence attributes (Organic and 
Natural) were compared to Commodity beef to 
determine meat quality and consumer 
acceptability.  In each of four slaughter seasons 
(Winter, Spring, Summer and Fall) Longissimus 
lumborum muscle samples were collected from 
two industry slaughter plants.  Samples were 
vacuum packaged and aged for 16 ± 2 d at 2˚C.  
Seasonal effects (p<0.01) were evident for mean 
shear force, composition, drip loss, colour and pH.  
A lower proportion of Organic steaks were 
classified as tender (shear value <5.6 kg), 
compared to the Natural and Commodity beef 
(55.9 vs. 70.3 and 78.6 %; P<0.01), indicating that 
even after industry normal ageing times Organic 
beef had higher tenderness variability. Fat content 
(SEM=0.23; p<0.01) was lowest for the Organic 
line (3.98%) with Natural (5.34%) and 
Commodity being intermediate (5.73%).  Some 
statistically significant differences (p<0.05) in 
mean scores for aroma, juiciness, flavour, 
tenderness and overall acceptability of cooked 
beef steaks were observed when samples were not 
matched on the basis of intramuscular fat (IMF).  
Clearly there are measureable differences in 
quality between “credence” based production 
systems and commodity beef with an overall 
better quality in Commodity beef. However, if the 
consumer is willing to pay for credence-based 
attributes then there is opportunity to improve 
quality, specifically in respect to age at slaughter 




Current trends indicate consumers are 
increasingly placing value on intangible quality 
attributes, or credence attributes, related to 
animal health and welfare and various features 
of animal production systems.  Verbeke et al. (1) 
defined credence attributes as characteristics that 
can be neither directly perceived nor verified by 
consumers.  In Alberta, Canada, branded beef 
products are enjoying retail success yet there is 
no information on whether this success is based 
on superior eating quality or on credence factors.  
If products branded on the basis of credence 
attributes could be differentiated from 
commodity beef, on the basis of tenderness or 
other quality attributes, perhaps management 
systems could be identified that enhance eating 
quality and increase consistency while 
simultaneously satisfying the needs of 
consumers seeking reassurance about animal 
production.  The objective of this study was to 
examine the impact of both producer-defined 
production systems (commodity, natural, 
organic) and season of harvest (winter, spring, 
summer, and fall) on measurable eating quality 
attributes.   
 
II. MATERIALS AND METHODS 
 
In each of four slaughter seasons (Winter, 
Spring, Summer and Fall) beef strip loin, 
Longissimus lumborum muscle samples, were 
collected from two industry slaughter plants; 
Organic (22-29 months of age) n=30, 30, 27 and 
31; Natural (14-23 months of age) n=30, 27, 29 
and 25; Commodity1 (<30 months of age) n=12 
and 18 for Spring and Summer respectively; 
Commodity2 (<30 months of age) n=14 and 12 
for Spring and Fall respectively and held under 
refrigeration (2C, wind speed 0.5msec-1) until 
16 ± 2 d postmortem to ensure consistent 
product ageing. Two steaks (25 mm) were 
fabricated from each striploin (one designated 
for shear force, the other for colour and drip 
loss) and the remainder prepared for proximate 
analysis. The sample sections selected for 
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consumer sensory testing were thawed for 3 
days at 2C, prepared into steaks (25 mm 
thickness), labeled, and individually vacuum 
packaged. Each steak was grilled to an internal 
temperature of 40C, flipped, and completed 
cooking to a final internal temperature of 72C. 
82 complete evaluations were collected from 
trained panelists who  evaluated cooked samples 
for aroma, juiciness, flavour, tenderness, and 
overall acceptability using 9-point hedonic 
scales (1= dislike extremely, 9 = like extremely).  
Purchase intent was scored on a 5-point scale (1 
= definitely would not purchase, 5 = definitely 
would purchase).  Panelists were then asked to 
visually assess raw samples, to consider as if 
they were available for purchase, and to rank the 
samples in order of overall preference. 
 
III. RESULTS AND DISCUSSION 
 
Organic beef had the leanest mean fat % at 3.98 
(SEM=0.23) (p<0.01) (Table. 1).  Intramuscular 
fat (IMF) content can be influenced by type of 
feed, days on feed, and genetics on both rate of 
gain and the propensity of the animal to deposit 
marbling fat Wang et al. (2).  Warner-Bratzler 
shear force was significantly (p<0.01) greater in 
the Organic system (5.53 kg) as compared to the 
Commodity (5.05 kg) and Natural (5.02 kg) 
(SEM=0.38).  Increased animal age Bouton et 
al. (3) and lower IMF content, and its insulating 
effect during both carcass chilling and meat 
cooking Aalhus et al. (4) provides an 
explanation for the higher shear value of the 
Organic beef compared to the other treatments.  
 















Mean Range Mean Range Mean Range   
pH 5.66a 5.55-5.75 5.56c 5.44-5.83 5.58b 5.34-6.12 0.02 ˂0.01 
L* 39.64 34.40-44.97 40.04 31.87-47.43 39.25 29.54-47.62 0.81 0.06 
Chroma 24.51a 20.12-28.86 23.78b 18.02-26.97 24.18ab 15.00-28.82 0.20 0.04 
Hue angle,o 24.72a 22.45-26.99 24.48a 20.69-27.07 24.13b 19.90-27.55 0.25 ˂0.01 
Moisture, % 71.65b 68.92-74.06 72.00b 68.03-74.39 73.24a 67.28-75.54 0.30 ˂0.01 
Fat, % 5.73a 2.85-9.92 5.34a 2.65-9.59 3.98b 1.76-10.52 0.23 ˂0.01 
Protein, % 21.86 20.15-22.79 21.93 20.23-23.84 21.91 19.67-22.71 0.08 0.75 
Driploss, mg.g-1 30.06b 18.18-39.47 33.39a 14.29-57.97 25.49c 10.74-48.26 2.28 ˂0.01 
Cook loss, mg.g-1  204.51 137.05-270.49 211.86 148.70-314.86 214.65 134.66-305.60 4.20 0.23 
Shear force, kg 5.05b 3.19-8.59 5.02b 2.58-9.80 5.53a 2.35-9.10 0.38 ˂0.01 
Proportion of shears, % 
˂5.6 kg (tender)z 
78.6 - 70.3 - 55.9 - - ˂0.01 
a, b, c Across a row, means followed by different letters are significantly different (p≤0.05). 
z Significance tested by chi-square. 
 
Seasonal effects on tenderness were evident.  
More variability was found in the spring when 
we can expect different ages when both short-
keep and long-keep cattle come into the system. 
In the Summer season no differences in mean 
scores for aroma, juiciness, flavour, tenderness, 
and overall acceptability of cooked beef steaks 
were observed amongst the three production 
systems when matched on the basis of IMF.  In 
the Fall season, when samples were not matched 
on the basis of IMF, the mean scores for 
juiciness and overall acceptability of the Natural 
treatment were significantly greater than those 
of the Organic treatment (p≤0.05) (Table 2).  A 
difference in tenderness acceptability was 
observed with Natural garnering the highest 
score, followed by Commodity then Organic 
(Table 2).  However, after panelists visually 
assessed raw samples, the Natural was less 
preferred most likely due to its’ less intense and 
less red colour.    
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Table 2  Mean consumer product testing scores for cooked beef steaks from each production system in the Fall 
harvest season 
Production system source 
Acceptability of…z 
Purchase intenty 
Aroma Juiciness Flavour Tenderness Overall 
Fall season       
Commodity source 2 6.8 6.2ab 6.2 6.3b 6.0ab 3.7b 
Natural 6.6 6.7a 6.3 6.9a 6.5a 4.2a 
Organic 6.6 6.0b 5.8 5.5c 5.6b 3.4b 
SEM 0.1 0.2 0.2 0.2 0.2 0.1 
p-value 0.56 <0.01 0.07 <0.01 <0.01 <0.01 
z Scored on 9-point hedonic scales where 1=dislike extremely,  9=like extremely 
y Scored on a 5-point scale where 1=definitely would not purchase, 5=definitely would purchase 
a,b,c Within season and across a row, means followed by different letters are significantly different (p0.05) 
 
Quality grades showed great variation by season 
and source (Table 3).  Although a high degree of 
marbling can be associated with “superior” meat 
quality, thus playing a potential role in 
purchasing decisions and price Chambaz et al. 
(5), like others, this study showed sensory scores 
appeared to be independent of marbling scores.   
 
Table 3  Summary of the number of striploin samples, and their quality grades, collected from each production 










   A AA AAA 
Commodity source 1 Winter 0 - - - 
 Spring 12 - - 12 
 Summer 18 12 6 - 
 Fall 0 - - - 
 Production System total 30    
      
Commodity source 2 Winter 0 - - - 
 Spring 14 - 9 5 
 Summer 0 - - - 
 Fall 12 - - 12 
 Production System total  
26 
   
      
Natural Winter 30               n/a - - - 
 Spring 27               n/a - - - 
 Summer 29 1 11 17 
 Fall 25 - 9 16 
 Production System total 111    
      
Organic Winter 30 4 10 16 
 Spring 30 3 15 12 
 Summer 27 2 10 15 
 Fall 31 31 - - 
 Production System total 118    
      
 Grand total 285 53 70 105 
n/a Quality grade data not available 
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IV. CONCLUSIONS 
 
Beef from the Organic production system 
exhibited greater variability overall and across 
seasons than the Commodity and Natural beef, 
which could be attributed to differences in the 
production systems affecting age at slaughter 
and content of IMF. Commodity beef exhibited 
an overall better quality in regards to proportion 
of steaks classified as tender, suggesting more 
consistency compared to Natural and Organic. 
However, if the consumer is willing to pay for 
credence-based attributes, there is opportunity 
for these production systems to improve the 
quality of their product, particularly by 
exploring production practices related to days on 
feed. The Canadian beef grading system’s 
quality grades do not adequately represent nor 
predict the sensory traits that consumers desire 
and warrants review if credence-based beef 
production systems continue to capture beef 
market share.  
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POSSIBILITY TO EVALUATE MEAT COLOUR USING 
PHOTOGRAPHIC REFERENCES 
 
A. Brugiapaglia*, G. Destefanis 
 





Abstract –This study is aimed to develop a reliable 
procedure for meat color evaluation in quality 
control. Colour was measured on samples 5x5x4 
cm of longissimus thoracis steaks from Piemontese 
(A), Aberdeen Angus (B), Charolaise (C), 
Piemontese x Limousine (D), Blonde Aquitaine 
(E), Friesian (F), using a Minolta 331C chroma 
meter. Simultaneously, meat samples were 
photographed and printed in previously tested 
conditions. Then the colour was evaluated by a 
consumer panel with a ranking test. Panel also 
carried out a matching test to verify the 
correspondence of meat picture colour with colour 
of raw meat. Consumers preferred the colour of 
E, A and D, which showed higher Lightness and 
Hue. F and B had the darker colour. The 63% of 
consumers correctly matched picture with meat 
colour of E. In the other cases panel had more or 
less difficulties in matching picture and meat 
sample. Instrumental colour measurement 
discriminated two groups of meat. Consequently, 
the panel had difficulties to discriminate meat 
colours within each group due to very similar 
colorimetric characteristics. Nevertheless, these 
results do not invalidate the possibility of meat 
colour assessment by pictures, if standard 





The colour of fresh red meat is of utmost 
importance in meat marketing being the first 
quality attribute considered by the consumer 
who uses it as an indication of freshness and 
wholesomeness. Therefore the presentation of 
fresh red meats with appropriate colour at retail 
is of extreme importance as consumers will 
discriminate negatively meat that does not 
appear to match expectations. Sensory 
evaluation is the best method of measuring 
consumer response to meat  colour but it is slow 
and requires a large investment in people and 
facilities. Moreover, environmental conditions 
such as light intensity, light colour, background 
colour and meat surface discoloration  due to 
oxidation influence the evaluation. 
Efficient, cost-effective and highly sensitive 
instrumentation is available to measure color 
and is often used instead of sensory 
measurement. But sensory perception of color is 
multidimensional and may be difficult to 
measure with an instrument. In fact, these 
instruments express the colour numerically but 
does not give any information about consumer’s 
meat colour liking/preference. 
To overcome these problems we have studied 
the possibility to use photographs instead of 
fresh meat for the sensory evaluation of meat 
colour. Therefore the objective of this work was 
to attempt to develop a reliable, simple, rapid 
procedure for meat color analysis to be used for 
quality control. 
 
II. MATERIALS AND METHODS 
 
Six m. longissimus thoracis steaks from dairy 
and beef breeds  (A: Piemontese; B: Aberdeen 
Angus; C: Charolaise; D: Piemontese x 
Limousine; E: Blonde Aquitaine; F: Friesian) 
were purchased at local supermarkets and 
butcher shops.  Upon arrival at the laboratory, 
each steak was cut into samples 5x5x4 cm, and 
the fresh surface was allowed to “bloom” for  60 
min at 3°C (1). Immediately after, the colour of 
each sample was determined objectively by a 
Minolta colorimeter  CR-331 C with a 30-mm-
diameter measurement area, using the D65 
illuminant and the 2° standard observer. The 
considered parameters were lightness (L*), 
redness (a*), yellowness (b*) in the CIELAB  
colour space model (2). Chroma (C*), Hue (H*) 
and colour differences (L*; E*; C*; H*) 
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were calculated according to the following 
equations (3):  
 
Chroma = (a*2 +b*2)0.5 
Hue = tan-1 (b/a) 
ΔLab* = La* - Lb* 
ΔEab* = [ΔLab*2 + Δaab*2 + Δbab*2]0.5 
ΔCab*= (a1*2+b1*2)0.5 - (a2*2+b2*2)0.5 
ΔHab*= (ΔEab*2-ΔLab*2-ΔCab*2)0.5  
 
Then meat samples were placed on a uniform 
non-glare black background and illuminated 
with two daylight fluorescent lamps (with a 
colour temperature of 5400K) set at an angle of 
45°. The samples were photographed 
simultaneously using a NIKON Coolpix 990 
digital camera mounted on a photographic bench. 
The camera was set up with the lens aligned 50 
cm from the meat surface and the focus set at 50 
cm. The image was saved into TIFF file format 
to keep the high quality resolution.  
Preliminary experiments were carried out to test 
different setting conditions. The best one was: 
aperture priority mode, with the lens aperture 
value set at f/3.1 and the exposure corrected to 
+0.7 stop to achieve high uniformity and 
repeatability. 
A professional photo lab printed the photo 
(20x30 cm) on glossy paper. The colour-
reproduction capability of the camera was tested 
with the aid of the GretagMacbeth Color-
Checker, which is a  chart containing 24 colored 
patches, photographed with the meat samples. 
Then, the six images of the meats were cut from 
the photo and sticked on a black cardboard. 
The meat samples, coded with random three-
digit numbers, were placed on black trays and a 
consumer panel consisting of 103 people 
(regular meat buyers), of different sex, age and 
status, evaluated the beef colour. Sensory 
evaluation was performed by a ranking test (4) 
and each consumer was asked to rank samples in 
decreasing order of preference for colour (1 
corresponded to the highest preference; 6 to the 
lowest preference). Rank sums for each sample 
were calculated and evaluated statistically with 
the Friedman’s test (5). 
In addition a matching test was performed to test 
the colour fidelity of printed meat images with 
colour of real meat samples. Therefore 
consumers were asked to match the six images 
to the corresponding meat samples. To test the 
precision of the test the percentages were 
elaborated with chi-square test. 
 
III. RESULTS AND DISCUSSION 
 
The results of the instrumental analysis of colour 
are reported in table 1. Highest Lightness values 
were observed in E, D and A samples. The other 
three meats had lowest L* values indicating a 
darker meat colour.  
 
Table 1 Instrumental colour measurements 
 
Breeds L* a* b* Chroma Hue 
A 42.76 26.52 8.77 27.93 18.29 
B 39.36 27.34 8.60 28.65 17.45 
C 38.07 27.85 8.95 29.25 17.81 
D 44.44 25.75 9.05 27.28 19.36 
E 49.20 24.69 9.13 26.32 20.29 
F 38.49 25.07 6.82 25.97 15.21 
Mean 42.05 26.20 8.55 27.57 18.07 
S.D. 4.31 1.26 0.87 1.29 1.75 
Min 38.07 24.69 6.82 25.97 15.20 
Max 49.20 27.85 9.13 29.25 20.29 
C.V. (%) 10.26 4.79 10.18 4.68 9.67 
      
Breeds: A (Piemontese); B (Aberdeen Angus); C 
(Charolaise); D (Piemontese x Limousine); E (Blonde 
d’Aquitaine); F (Friesian). 
 
C and E meat samples showed the highest and 
the lowest a* value, respectively. The low 
variability of a* indicated that the samples did 
not differ greatly from one another for this 
parameter. One beef breed, (E), and the dairy 
breed, (F), showed the highest and the lowest b* 
values. Therefore F sample showed a dull colour 
and the lowest hue angle. The two French beef 
breed, C and E,  had the most vivid colour and 
the highest hue angle, respectively. These results 
are not surprising because the lighter beef is for 
late maturing breeds while the darker one is for 
early maturing breeds, like F or animals reared 
at pasture, like B. Colour determined 
instrumentally showed that it was possible to 
discriminate two groups of meat. The first one 
included E, D and A samples,  the second B, F, 
and C, which had the highest and the lowest L* 
and Hue values, respectively. 
The results of colour differences are reported in 
table 2.  
Some E* values were very high (>10) as in E 
vs C, F vs E, and B vs E, others fell between 7 
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and 3 while only two values were below 3 (A vs 
D  and B vs C). As Chroma (C*) and Hue 
(H*) differences values were very low, the 
colour differences between samples depends 
mainly on Lightness differences. 
 
Table 2 Colour differences between meats 
 
 ΔE* ΔL* ΔC* ΔH* 
F vs A 4.91 4.27 1.95 1.45 
F vs B 3.01 0.87 2.68 1.07 
F vs E 10.96 10.71 0.34 2.32 
F vs C 3.53 -0.42 3.27 1.25 
F vs D 6.39 5.95 1.31 1.93 
A vs B 3.50 -3.40 0.73 0.41 
A vs E 6.70 6.44 -1.61 0.94 
A vs C 4.88 -4.69 1.32 0.24 
A vs D 1.87 1.68 -0.65 0.52 
B vs E 10.20 9.84 -2.34 1.36 
B vs C 1.43 -1.29 0.59 0.18 
B vs D 5.34 5.08 -1.38 0.93 
E vs C 11.57 -11.13 2.93 1.20 
E vs D 4.88 -4.76 0.96 0.43 
C vs D 6.71 6.37 -1.97 0.77 
 
Breeds: A (Piemontese); B (Aberdeen Angus); C 
(Charolaise); D (Piemontese x Limousine); E (Blonde 
d’Aquitaine); F (Friesian). 
 
The results of the sensory analysis are reported 
in table 3.  
 
Table 3 Rank sums of ranking test 
 
Breeds  E A D C F B 
Rank sum 264a 264a 295a 366b 460c 514d 
 
Breeds: A (Piemontese); B (Aberdeen Angus); C 
(Charolaise); D (Piemontese x Limousine); E (Blonde 
d’Aquitaine); F (Friesian). 
a, b, c, d differences between ranks on the same row: 
P<0.05. 
 
Three test sheets were eliminated due to error in 
the evaluation.  
Consumers preferred the meat colour of E, A 
and D, which reached the lowest ranks sum 
(P<0.05).  C was preferred to F and B was 
judged as the worst (P<0.05). The three most 
preferred samples, E, A and D, showed a higher 
L* and H* values in comparison with the other 
three breeds (table 1). In other words, consumer 
preferred lighter colour with a Hue that shift 
from red to yellow.  
In agreement with this finding, among the three 
preferred meats, E, in particular, showed the 
largest colour differences in comparison with C, 
F and B (table 2). 
The results of the matching test (photo/meat) are 
reported in table 4.  
 
Table 4 Matching test between photo and meat 
 
    Meat    
  F A B E C D 
 F 19b 3a 49c 2a 19b 8a 
 A 23b 25b 7a 9ab 16b 20b 
Photo B  20c 5ab 22c 1a 43d 9b 
 E 1a 11b 0a 63d 0a 25c 
 C 34c 11ab 19b 8a 17ab 11ab 
 D  3a 45c 3a 17b 5a 27b 
 
Breeds: A (Piemontese); B (Aberdeen Angus); C 
(Charolaise); D (Piemontese x Limousine); E (Blonde 
d’Aquitaine); F (Friesian). 
a, b, c, d differences on the same row: P<0.05. 
 
The matching Blonde d’Aquitaine showed the 
best result. In fact 63% of consumers recognized 
from the photo the meat colour of E. Consumers 
had no difficulties to recognize meat colour of 
Blonde d’Aquitaine, because showed highest 
Lightness and Hue values. Consumers had more 
difficulties to match the colour of Friesian and 
Aberdeen Angus breeds. The colours of these 
two breed were often mixed up and considered 
similar to that of Charolaise breed. In fact meat 
colour of Friesian, Aberdeen Angus and 
Charolaise breeds had low Lightness and  Hue  
values, therefore the consumers considered these 
three colours almost the same.  As regard 
Piemontese x Limousine, the photo was matched 
to Piemontese and Bonde d’Aquitaine in 45% 
and 17% of cases, respectively. The meat colour 
of these three samples was similar being 
characterized by a high Lightness value and a 
Hue that shifts towards yellow. Unsatisfactory 
results were obtained from Piemontese and 
Charolaise. It can be assumed that panel had 
some difficulties to correctly assign the photo to 




Sensory evaluation of meat colour using 
photographs is a promising tool to overcome the 
difficulties when the raw meat is evaluated. By 
photographs it is possible to “freeze” the meat 
colour exactly in the moment of the instrumental 
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measurement. Photographs can be used for a 
long time, with the possibility to collect a large 
number of ratings from many consumers.  
Colour determined instrumentally showed that it 
was possible to discriminate two groups of meat. 
The first included meat from Blonde 
d’Aquitaine, Piemontese and Piemontese x 
Limousine breeds, which showed a light colour 
and a Hue that shift in the yellow region. The 
second group included meat of the other three 
breeds which, on the contrary, showed a  dark 
colour and a Hue that shift in the red region. 
Within each group, meat colour showed similar 
colorimetric characteristics.  
The sensory evaluation confirmed the existence 
of little differences within each group of meat. 
This explains the  difficulties encountered by the 
panel to discriminate very similar meat colours.  
On the other hand, consumers were able to 
match photo with the corresponding raw meat if 
colour differences in meat were sufficiently 
appreciable. Therefore, these results support the 
possibility of assessing meat colour by 
photographic images, if standard operating 
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Abstract - In this paper, a rapid 
nondestructive test method was established by 
computer vision and back propagation (BP) 
artificial neural network to identify dried 
meat floss and dried meat powder. The images 
of sixty dried meat floss and dried meat 
powder were converted to gray and cut into 
899 × 772 pixels. The gray mean, the total 
entropy, the standard deviation of gray scale 
matrix and contrast, correlation, energy and 
homogeneity based on gray level 
co-occurrence matrix were extracted from the 
cut gray images and the fractal dimension was 
extracted from the cut binary images. These 
eight texture indicators of forty-five dried 
meat floss and forty-four dried meat powder 
pre-processed images were used as the 
training set in training BP artificial neural 
network, and the rest samples were used as the 
test set. Results demonstrated that the total 
classification accuracy of the final BP artificial 
neural network was 80.65%. Two dried meat 
floss and four dried meat powder were miss 
classified. The study provided a rapid 
nondestructive analytical system for 




Dried meat product has been divided into 
three types according to the processing 
technologies, including short dried meat 
floss, dried meat floss and dried meat powder 
[1]. The protein content of dried meat 
powder is much lower than that of dried meat 
floss, and hence, the price of dried meat floss 
is more expensive. Although dried meat floss 
and dried meat powder are flocculent and 
loose granular in appearance, respectively, it 
is difficult for consumers to distinguish using 
their naked eyes.  
Dried meat floss and dried meat powder can 
be identified by using the starch content as 
the quality indicator. However, this 
chemistry method is time-consuming and not 
suitable for the quick and non-destructive 
detection at the point of sale. Computer 
vision is one of the non-destructive testing 
techniques, which has been widely used in 
the quality inspection of raw meat [2-3] and 
meat product [4-5]. Therefore, computer 
vision technology using back propagation 
(BP) artificial neural network as classifier to 
identify the dried meat floss and dried meat 
powder is used in this study.  
 
II. MATERIALS AND METHODS  
Seven pork dried meat product brands (three 
brands each having twenty samples for dried 
meat floss and four brands each having 
fifteen samples for dried meat powder) 
purchased from a local market in Shanghai, P. 
R. China, were used in the following 
experiments. Each sample was made as a 
rectangle shape with a size of 9 cm× 6.5 cm 
on the sample platform. Three images for 
one sample were taken and the mean value of 
image features were calculated for input of 
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BP artificial neural network. 
The computer vision system in this study is 
similar with the reference [6]. The properties 
of obtained images are 2592×1728 resolution, 
400 ISO, 1/100s exposure time, 43 mm focal 
distance and 5 aperture values.  
All the acquired images were subjected to the 
gray transformation, image cutting and 
image binaryzation. The resulting resolution 
of images was 899 × 772. Subsequently, the 
eight texture indicators were extracted from 
the processed images, namely gray mean, 
total entropy, standard deviation of gray 
scale matrix and contrast, correlation, energy 
and homogeneity based on gray level 
co-occurrence matrix and fractal dimension 
based on binary image. Finally, these image 
features of eighty-nine samples (forty-five 
and forty-four, respectively, for dried meat 
floss and dried meat powder) were input into 
the BP artificial neural network to train the 
classifier, and the image features of the rest 
samples were applied for the verification of 
the trained classifier.  
 
III. RESULTS AND DISCUSSION 
The typical pre-processed images are shown 
in Fig. 1. 
 
Fig.1- The cut typical grayscale and binary image 
of dried meat floss 
 
 
(a) Original image; (b) Cut grayscale image; (c) 
Cut binary image 
 
The gray images of the rest brands are shown 
in Fig. 2. 
 
 
Fig. 2- The cut grayscale images of dried meat 
floss and dried meat powder 
 
(a), (b) and (c) are dried meat floss and (d), (e) 
and (f) are dried meat powder 
 
The normalized typical texture features of 
dried meat floss and dried meat powder are 
shown in Table 1. 
 
The final classification accuracies are shown 
in Table 2. 
 
In further study, the classification accuracy 
could be improved by adding the spectral 
imaging techniques in the traditional 
computer vision, such as multi-spectral 
imaging and hyper-spectral imaging.  
 
IV. CONCLUSION 
The classifier on the basis of the BP artificial 
neural network and computer vision was 
developed for the identification of dried meat 
powder and dried meat floss. The total 
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Table 1 A normalized typical texture features of dried meat floss and dried meat powder 
brand 
texture feature 
Dried meat powder  Dried meat floss 
1 2 3 4  5 6 7 
Gray mean 0.673 0.834 0.136 0.575  0.772 0.963 0.611 
Total entropy 0.464 0.228 0.680 0.702  0.268 0.218 0.697 
Contrast 0.242 0.220 0.237 0.247   0.265 0.245 0.253 
Correlation 0.676 0.663 0.695 0.688  0.645 0.666 0.687 
Energy 0.294 0.301 0.236 0.271  0.303 0.289 0.272 
Homogeneity 0.737 0.736 0.735 0.738  0.736 0.736 0.738 
standard deviation of gray scale matrix 0.782  0.729  0.836  0.819   0.724  0.757  0.817  
fractal dimension 0.373 0.344 0.740 0.643  0.780 0.371 0.646 
Note: in the table, number 1, 2, 3 and 4 are dried meat powder; number 5, 6 and 7 are dried meat floss. 
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Abstract – This study was carried out to investigate the 
effect of postmortem ageing on technological quality 
(pH, drip loss, color, cooking loss and Warner-Bratzler 
shear force) and sensory characteristics of horse meat. 
Crossbred horses at 28 months old with live weigh of 
320 kg were slaughtered and longissimus dorsi (LD) 
muscle taken from the carcasses was used in the present 
research. The LD muscle (each) was divided into 4 
equal portions, vacuum packaged and aged for 2, 10, 20 
and 30 d at 4oC. Our results revealed that pH and drip 
loss increased as time postmortem increased (p<0.05). 
The horse LD muscle decreased (p<0.05) in WBSF 
values from 2 to 10 d, and then shear force did not 
continually decrease (p>0.05) with increased 
postmortem ageing. No differences among the aged 
samples were found for the L*(lightness) and 
a*(redness) (p>0.05) but ageing increased the b* 
(yellowness) of horse meat (p<0.05). The sensory 
evaluation results show that only flavor was affected by 
ageing (p<0.05). These results suggest that a 10-day 
ageing period could be optimum for improving WBS 
force and has little impact on pH and drip loss of horse 
LD muscle.  
Key Words – horse meat, ageing 
 
I.  INTRODUCTION 
Horse was domesticated for thousands of years ago 
and has currently been exploited for transport, 
riding and meat production purposes. In recent 
decades, horse meat is not only regarded as a human 
food in most countries but also has a great potential 
as an alternative meat, due to its relatively high 
nutritional quality and cheap source of animal 
protein. Horse meat, therefore has become quite 
popular in some markets such as Italian, Mexico 
and France (1). However, the production and 
consumption of this meat type have varied widely 
with differences in the economies and cultures of 
human societies (2). Amounts of horse meat 
produced, exported and imported widely varied 
among the regions in which Asia apparently is one 
of the most largely horse meat produced regions in 
the world (3). Although the slaughter of horse for 
human consumption and trade in this meat type 
appear commonly in many countries worldwide 
however very little information on the quality and 
sensory characteristics of horse meat is available. 
More to the point, ageing is a widely used technique 
in meat industry to improve meat tenderization 
however it is still unknown whether ageing affects 
the quality and eating quality of horse meat.  Thus, 
the aim of this study was to investigate the effect of 
postmortem ageing on the technological quality and 
sensory characteristics of crossbred horse meat. 
 
II.  MATERIALS AND METHODS 
Animals and sample preparation 
Female crossbred horses at 28 months of age with 
live weigh of 320 kg obtained from a local farm in 
Jeju province, Korea were used in the present 
research. The animals were reared on pasture and 
fed ad libitum with 1.6% concentrate-supplemented 
dried tallfescue grass diet. Horses were transported 
to an abattoir of National Institute of Animal 
Science, Suwon, Korea and were stunned with a 
captive bolt, slaughtered and dressed. Carcasses 
were chilled for 24 h at 4oC and longissimus dorsi 
(LD) muscle samples were taken from left carcass 
sides. Each LD muscle was divided into 4 equal 
portions, vacuum packaged and randomly assigned 
to 2 (sampling day), 10, 20 and 30 d ageing groups. 
Ageing was carried out at 4oC in a chilling room. 
After ageing, the samples were reweighed to 
determine drip loss and were then cut into sub-
sample sizes depending on type of analysis in the 
following order: pH, color-cooking loss-shear force, 
and sensory evaluation. 
 
Analysis of meat quality and sensory 
Color, cooking and Warner-Bratzler shear force 
(WBSF) were measured on same steaks (3-cm 
thick) of about 200 g according to the method of 
Hwang et al. (4). Sensory evaluation was performed 
by an un-trained panel. Panelists rated for the flavor, 
tenderness, juiciness and acceptability using 7-point 
scales; Flavor (1=undesirable flavor, 7=desirable 
flavor); Tenderness (1=very tough, 7 = very tender); 
juiciness (1= very dry, 7 = very juicy); 
Acceptability (1= dislike extremely, 7 = like 
extremely).  
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III.  RESULTS AND DISCUSSION 
Table 1 shows the technological quality traits of horse 
LD muscle at different chiller ageing at 4oC. 
Postmortem ageing significantly (p< 0.05) affected 
the pH of horse meat; the pH values tended to 
increase with increased ageing time up to d 20. The 
pH values of LD muscle in the present study ranged 
from 5.63 to 5.77 which were almost equal to the 
values reported by Lorenzo et al. (6) for foal meat. 
Similarly, the LD muscle samples increased in drip 
loss between 2 and 30 d (p< 0.05). No differences in 
cooking loss due to ageing were found (p>0.05). The 
LD muscle samples decreased (p<0.05) in WBSF 
values from 2 to 10 d, and then shear force did not 
continually decrease with increased postmortem 
ageing indicating that postmortem ageing beyond 10 d 
may not be effective in improvement of WBS force of 
LD muscle. Ageing did not affect the L*(lightness) 
and a*(redness) (p>0.05) but the b*(yellowness) 
values increased (p< 0.05) with increased ageing time. 
 
Table 1 Quality characteristics of horse meat at 
different chiller ageing periods 
Item  
Ageing period  
2d 10d 20d 30d 
pH 5.63±0.05B 5.62±0.01B 5.77±0.05A 5.73±0.04AB 
Drip  loss  (%) 0.50±0.09B 1.29±0.19AB 1.27±0.21AB 2.09±0.43A 
Cooking loss (%) 25.70±0.80 26.18±1.30 25.35±0.58 24.60±3.86 
WBSF (kgf) 4.13±0.7A 2.43±0.5B 2.36±0.19B 2.34±0.42B 
CIE L* 35.99±1.26 37.24±1.43 36.11±0.50 35.72±0.73 
CIE a* 17.11±0.56 17.61±1.33 17.87±0.55 18.71±0.56 
CIE b* 5.41±0.22B 7.83±0.56A 7.67±0.23A 8.03±0.49A 
A-B Means with different letters within the same row differ at 
p<0.05; WBSF: Warner-Bratzler shear force. 
The sensory characteristics of horse LD muscle at 
different ageing periods are shown in Table 2. 
 
Ageing significantly (p<0.05) affected the flavor; 
particularly higher flavor score was given by the 
panelists for the 20 d aged samples. However, no 
differences among the ageing periods were found for 







Table 2 Sensory characteristics of horse meat at 
different chiller ageing periods 
Item  
Ageing period 
2d 10d 20d 30d 
Flavor 4.33±0.18B 4.59±0.25AB 5.08±0.14A 4.50±0.18AB 
Tenderness 5.00±0.24 4.13±0.96 5.54±0.18 5.04±0.58 
Juiciness  4.79±0.22 5.05±0.24 5.21±0.34 4.25±0.41 
Acceptability 5.13±0.32 5.25±0.14 4.96±0.21 4.37±0.43 
A-B Means with different letters within the same row differ at 
p<0.05.  
Rating scale: Flavor (1=undesirable flavor, 7=desirable flavor); 
Tenderness (1=very tough, 7 = very tender); juiciness (1= very 




Postmortem ageing significantly affected the pH, 
drip loss, WBSF and yellowness of horse LD 
muscle. However, postmortem ageing only affected 
flavor. Taken together, these findings suggest that a 
10-d ageing period for could be optimum for 
improving WBS force of horse LD muscle whereas 
a longer ageing period may result in an increase of 
pH and drip loss. 
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Abstract – French beef operators sort carcasses 
towards commercial circuits according to home-
made fatness rate, mainly based on 5th rib and 
caparison fat, because the European fatness rating 
table is not adequate to do it. In 2010, the Institut de 
l’Elevage carried out a study for the French beef 
industry, to develop a new reference system to rate 
fatness of beef cattle carcasses based on internal fat. 
This new method combines 3 components: condition 
of use of this method, “ART8/AVT5” cut 
localization - to estimate quality of the cut - and 5th 
rib and caparison fat ratings. Fat scores are 
obtained from hand drawings of the 5th rib and 
caparison which are then scanned and analyzed 
using an image analysis software: fat surfaces are 
estimated and compared to the total surface to 
calculate the fat percentage. First tests on 203 half-
carcasses indicate that this new scoring method can 
efficiently discriminate carcasses according to fat 
levels: an important variability on 5th rib and 
caparison fats was showed. However, this protocol 
failed to confirm the relationship between measures 
of fat and commercial orientations because the 
method used was not appropriate: a new test is 
needed to verify the reliability between fat measures 
and carcasses orientation. 
 
Key Words – Fat, Beef cattle carcasses, Marbling, 




In France, beef carcasses are rated according to the 
European rating table: fatness is rated in 5 classes 
(1, 2, 3, 4, 5). According to French operators, this 
classification system does not allow to select and 
to orientate carcasses into the adequate 
commercial circuit. Usually, carcasses rated “3” 
immediately after slaughter are actually scored “4” 
after being cut into quarters (“ART8/AVT5” cut). 
This is why French operators sort carcasses to 
commercial circuits according to a home-made 
fatness rate, mainly based on internal fat, which is 
not the same between slaughterhouses and is never 
written.  
In 2010, the French beef industry asked the Institut 
de l’Elevage to develop a new reference system to 
rate fatness of beef cattle carcasses based on 
internal fat: initially, it does not aim to be used in 
routine in slaughterhouses but it must predict 
accurately the value and the commercial 
orientation of beef carcasses. Then, if this new 
scoring method can efficiently discriminate 
carcasses according to fat levels, it will be 
necessary to develop and to calibrate a tool more 
easy to use to help slaughterhouses to orientate 
carcasses into the adequate commercial circuit. 
 
II. MATERIALS AND METHODS 
 
After surveys at slaughterhouses and supermarkets 
(6 carcasses dispatchers and 6 sales 
representatives), only two kinds of fat were used 
in the new reference system based on their use by 
operators to determinate the orientation and the 
valuation of beef carcasses (table 1): caparison fat 
and internal fat (marbling and intermuscular fat).  
Table 1 Impact of fat on orientation and 
















+ + Categorical/minced 75-80% 
++ + Promotion/OOH* 
Less than 
75% 
= normal, + fat, ++ very fat 
*
Out of Home  
 
According to survey results, it was also decided 
that the new reference should only be used in meat 
and mixed breeds. Indeed, dairy breeds which are 
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mainly valuated in minced meat and only meat 
yield is relevant for these breeds. 
 
The construction of the new reference system was 
carried out in several steps. First, all possible 
measures for both kinds of fat were described with 
accurate anatomical localization and the type of 
measures (thickness, surface, ratio ...). Fat 
deposition was inspected in several carcasses to 
identify feasible measures and to estimate the 
variability of these measures. Moreover, an 
inventory of measurements made in other 
countries was searched whereas, in parallel, new 
accurate and reliable tools were looking for. 
Thereafter, the new tools have been tested on few 
carcasses to determine how they can be used. 
Finally, these data were combined to develop and 
to validate the new reference system. 
 
In a second step, other fats, more easily 
measurable, were compared to the 5th rib fat or 
caparison fat to develop a future tool used 
routinely by slaughterhouses. 
 
In the final step, the new reference system has 
been tested in three slaughterhouses with a 
diversity of animals and commercial circuits. A 
total of 203 half-carcasses were rated, representing 
142 animals: both half-carcasses of 61 animals 
were scored. Each half-carcass was photographed.  
 
The correlation of both kinds of fat with 
commercial orientation of carcasses, animal 
characteristics and other measures of fat was 
tested. A descriptive data analysis was performed 
to describe the variability of the fat level in the 
population we studied. Observed frequencies, 
means, standard deviations, minima and maxima 
were estimated. Then, the correlation between the 
different kinds of fat was calculated to assess the 
feasibility to predict 5th rib and caparison fat from 
easiest measurable fats.  
 
A logistic regression (SAS) was used to test 
internal and caparison fat levels which could 
predict the different commercial orientations of 
carcasses. Then, a segmentation (SAS) was 
processed to predict the commercial destination 
from all data combined. 
 
 
III. RESULTS AND DISCUSSION 
 
The new rating method we elaborated is divided 
into three parts. First, the scope of use is defined 
as an indispensable prerequisite. Indeed, all 
carcasses are not measurable: only carcasses with 
an “ART8/AVT5” cut (between 5th and 6th rib) 
can be scored by this method. Indeed, 5th rib and 
caparison fats levels vary according to the rib 
which is considered. It must also ensure caparison 
ribs are uncut, which will tend to pull on the 
caparison and distorting measures. 
 
In a second step, this new reference system 
requires the accurate positioning of 
“ART8/AVT5” cut to avoid measures bias 
according to the quality of the cut. During data 
analysis, if it appears that the position of cut does 
not affect fat levels, this step would be removed. 
Three elements are used to estimate the quality of 
cut: depth of caparison cut (Figure 1, [1]), cut 
height between the 5th and 6th rib (Figure 1, [2]) 
and cut inclination (Figure 1, [3]). 
 
 
Figure 1 The different measures to estimate  
quality of the “ART8/AVT5” cut 
Finally, each kind of fat is independently 
measured with a protocol of its own. Intermuscular 
fat rating aims to accurately calculate the 
percentage of fat in the 5th rib compared to the 
total surface of this rib. To rate it, the rib is hand 
drawn on a transparent sheet with contours of 
bones, fats, and rib eye (Figure 2).  
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Figure 2 Drawing of the 5th rib on transparent sheet 
Then, drawings are scanned and various areas are 
calculated using an image analysis software, 
Geotool, (Figure 3). Fat areas are added and 
compared to the total surface of the rib to provide 
the fat percentage of the rib. 
 
 
Figure 3 Scan of the 5th rib 
The same method is used for caparison fat rating. 
However, caparison is too large to be fully 
drawn: ribs number 6, 8 and 10 are drawn, 
together and processed with areas between the 7th 
and the 8th ribs in one hand and between the 9th 
and the 10th ribs in the other hand. All 
measurements of caparison (height, width and 
distances between ribs) are recorded in order to 
calculate the total area. The percentage of fat in 
the caparison between the 6th rib and the 11th rib is 
them processed. 
 
Definition of the scope of use, “ART8/AVT5” 
cut localization and 5th rib and caparison fat 
ratings compose the new reference system: it 
allows to evaluate carcasses fatness much more 
accurately than European rating table. The 
characterization of the new reference system has 
indicated the necessary measures to be scored in 
order to discriminate carcasses according to 5th 
rib and caparison fats. It has also helped in 
standardizing where these measures should be 
taken and methods to score them. Finally, it 
appears this new reference system can be 
applied to any kind of carcasses with an 
“ART8/AVT5” cut and not only meat and mixed 
breeds as originally planned: good dairy animals 
which are not used to make minced meat could 
also be scored with this new method. 
 
Tests of the reference system, based on 203 half-
carcasses, were mainly realized on carcasses of 
cows (80%) and heifers (15%). Meat breeds 
(mainly Charolaise) represent 57% of the sample 
whereas mixed breeds (mainly Normande) 38%. 
According to the European external fatness rating 
table, 174 half-carcasses were rated “3”, 12 rated 
“2” and the 8 others “4”, this rating method failing 
to discriminate carcasses. Those carcasses were 
directed to 11 commercial circuits. 
Table 2 5th rib and caparison fats results 
 Mean Min Max 
Fat % in the 
5th rib 
15.0% ± 5.6% 3.7% 35.6% 
Fat % in the 
caparison 
26.0% ± 8,7% 0.0% 48.5% 
 
First results of the test show that mean fat values 
(table 2), 15.0% in the 5th rib and 26.0% in the 
caparison, are highly variable between carcasses: 
fat in the 5th rib ranges from 3.7 to 35.6% while 
caparison fat from 0.0 to 48.5%. Therefore, the 
new reference system is promising to discriminate 
carcasses according to their 5th rib and caparison 
fats levels.  
 
The “ART8/AVT5” cut localization (step 2 of the 
reference system) showed small impacts, 
especially with the depth of caparison, on fat 
quantities (r<0.20). This step in the new rating 
method is therefore essential in order to correct 
these effects. 
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Finally, the relationship between measures of fat 
and commercial orientations has been modelized. 
Although significant, commercial orientation is 
only slightly affected by 5th rib and caparison fat 
levels (table 3).  
Table 3 Relationship between measures of fat and 
commercial orientations 
 Probability R² 
Fat % in the 
5th rib 
<0.0001 0.28 




These weak correlations can be explained: 
orientations given in this study reflect the needs of 
customers and other criteria such as race, weight, 
conformation, age. They are not only based on fat. 
The segmentation fitted to the collected data does 




This study has contributed to elaborate a new 
method to score carcasses fatness at 
slaughterhouse. This method is composed of three 
parts: the definition of the scope of use, the 
“ART8/AVT5” cut localization and the 5th rib and 
caparison fat ratings. The new rating method 
allows an accurate measurement of fats which 
have the greatest impact on carcasses orientation 
and value. It is applicable to any kind of carcasses 
with an "ART8/AVT5" cut.  
 
First results of the test show an high variability on 
5th rib and caparison fats and the new reference 
system can then correctly discriminate carcasses 
according to their fat levels. The “ART8/AVT5” 
cut localization has a moderate impact which 
should be taken into account to be corrected. 
However, our reference system failed to predict 
the commercial orientations of carcasses: actual 
orientations were affected by market conditions 
and by other criteria than fat. Therefore, a new test 
is necessary to check the ability of the new 
reference system to commercially orient carcasses. 
This test should only be based on fat criteria and 
should not take into account current market needs. 
Pictures of carcasses, those taken during the 
test, will be presented to operators which 
orientate carcasses in slaughterhouses: they 
will rate them based only on fat. It should 
confirm or not the reliability between the measures 
and carcasses orientation and value and validate 
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Abstract – The objective was to carry out a survey 
on 0-2 teeth castrated beef quality (British cattle) 
produced in Patagonian region of Argentina, 
looking at physico-chemical and organoleptic 
aspects depending on the production system and 
considering the effect of ageing up to 30 days. 
Samples of Longissimus dorsi muscle (9-13 rib) 
were collected on confined, grazing and grazing + 
supplementation animals slaughtered at the same 
commercial category. The pHu, color 
(L*,a*,b*;Minolta), cooking losses, Warner 
Bratzler shear force (WBSF) and sensory 
parameters (8 trained assessors) were determined. 
Data were analyzed using the Proc Mixed (SAS), 
with differences among treatments analyzed by 
Tukey test. Production system and ageing time 
showed significant effects on color, pH and 
cooking water losses but did not affect WBSF 
values. The value of hardness in all cases was less 
than 4.70lb. Sensory analysis showed similar 
flavor among production systems with higher 
color for the pasture-raised animals. Tenderness 
presented interaction ‘diet X time’ but feedlot 
meat seemed to be tenderer. For all systems, off 
flavor were negligible to 30d ageing. Regardless of 
the production system, for British cattle, meat 
from the ‘Patagonian-region’ of Argentina 
showed physico-chemical and sensory attributes 
suitable for consumption as fresh meat and it may 
considered as very tender due to the young age of 
slaughter of animals. 
Key Words – Patagonian region, cattle, meat 




Argentina has been divided in five beef cattle 
producing areas, namely “Pampeana” Region (I), 
Northeast (II), Northwest (III), Central semiarid 
(IV) and Patagonian (V) 1. The territory of the 
region of Patagonia starts at the south of the 
Colorado River, occupying an area of 930,638 
km2. Its contribution to the national economy 
stands on energy but also supplies the national and 
global market with fruit, various seafood and 
wool. In this region there are places with the 
highest rainfall in the country (mountain range) 
and large areas of dry land in the central area. It is 
clearly dominated by the semi-desert 
environments, with less than 200 mm per year and 
scarce water resources. In the Patagonian plateau 
the dominant species is the sheep while the 
foothill has ecological conditions that allow 
production forestry, extensive cattle and intensive 
sheep and cattle. 
The Patagonian cattle contribute 2.5% of the 
national stock and has great growth potential for 
its health status (‘Foot and Mouth Disease free 
without vaccination’, internationally recognized) 
2. In recent years an increase in beef production 
using foothill extensive rearing system for 
production of calves and feedlot finishing calves 
in arid plateau was evident. The genetic base of 
cattle is mainly British (mostly Hereford) and a 
lower proportion of ‘criollo’. Patagonian people 
consume meat from young animals (slaughter 
range: 300 – 350kg live weight). Grazing animals 
come from the summer pastures in the mountains 
and/or valleys but not overwinter so they are sold 
before the first frost. Then, the sale weight of 
these animals depends on climatic conditions 
(rainfall and temperature) that affect the supply of 
grass during spring-summer. 
Both the internal and export markets classification 
of meat according to their quality increase the 
added value to the product. Beef quality from 
animals fattened in some of these regions has only 
been partially characterized [3]. Our objectives 
were to determine the qualitative properties of the 
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meat according to the production system used in 
response to the characteristics of the cattle from 
the 'Patagonian' region (V), on the physical, 
rheological and sensory characteristics considering 
the effect of ageing up to a month. 
 
II. MATERIALS AND METHODS 
 
The characterization study was conducted in the 
Patagonian region on three production systems: 
Extensive (grazing), Semi-extensive (grazing + 
supplementation) and Intensive (feedlot) for 
animals slaughtered at the same commercial 
category. Grazing animals fed natural grasslands 
as “mallín” grass. Animals belonged to Hereford 
and Angus breeds; their dental chronological age 
was 0-2 permanent teeth. 
Samples 
Due to the extension of the Patagonian region, 2 
slaughterhouses were selected (with authorization 
for meat national transit), one in the northeast 
region (Río Negro province 40°48 S 63°00 O) and 
other in the western region (Chubut province 
43°05 00 S 71°28 00 ). Animals slaughtered at 
300kg live weight average were sampled to obtain 
the Longissimus dorsi muscle (9th to 13th ribs; 59 
samples) and transported under cold conditions 
(by plane, with dry ice) to the Meat Quality 
Laboratory of the School of Agriculture 
(University of Buenos Aires, 1000 and 2000 km 
away from each slaughterhouse). Samples were 
vacuum-packed (Multivac packaging A300-16) as 
a method of conservation. The packaged samples 
were placed in a refrigerator with temperature and 
light control to simulate retail conditions of 
exhibition. Ageing times were 4, 14 and 30 days.  
Determinations 
The determinations included final pH (Hanna pH 
meter with fine-tipped electrode Ingold406 M3); 
color according to the CIELAB System, L* 
(lightness), a* (redness) and b* (yellowness) while 
saturation was calculated as [C*= (a*2 + b*2)0.5] 
using a Minolta Chroma Meter-CR300 [4]; 
tenderness with a Warner-Bratzler shearing 
attachment (Instron 4442 Universal Testing 
Machine; Canton, MA, USA) on cooked samples 
(water bath heated at 70ºC for 50 minutes). For 
sensory determinations, samples were roasted in 
double contact grill to reach 71ºC ± 1ºC in the 
center of the sample (cold point), monitored by 
thermocouples) and then were analyzed by 8 
trained assessors according to international 
standards and experience in sensory analysis of 
beef [5, 6, 7]. Each assessor received samples 
(1x1x1cm cubes) in containers coded with 
random, three-digit numbers. Tenderness, global 
color and Flavor were assessed using an 
unstructured linear scale of 10cm without 
anchorage; with the ends of the scales 
corresponding to the intensity of the attribute: 
extremely soft, light (lower limit: 0) and very 
tough, dark (upper limit: 10). Statistical analysis 
of data was performed using the Proc. Mixed of 
SAS [8]. Differences among treatments were 
analyzed by Tukey test (p < 0.05). 
 
III. RESULTS AND DISCUSSION 
 
Animals raised in extensive (pasture) systems 
were lighter (296 kg) than semi-extensive 
(pasture + grain, 309 kg) and feedlot (315 kg) 
because of the difficulty of following the 
fattening on pasture in autumn-winter. With the 
exception of hardness, production system 
showed important effects on pH, cooking losses 
and color of meat; the intensive system samples 
were brighter but more colored and had higher 
cooking losses. The greater color saturation (C*) 
may be due, in part, to the heavier weight of the 
animals. Ageing time influenced pH, luminosity, 
redness, yellowness, cooking losses, and WBSF. 
The pH value decreased and luminosity 
increased after 14 days of ageing (pH 5.55 
average at 4 and 14d vs 5.45 at 30d; L* 40.5 
average at 4 and 14d vs 42.6 at 30d; p<0.01). 
Ageing time determined higher cooking losses 
(20.5, 21.5 and 23.6; p<0.01) and values of b* 
(7.44, 9.18 and 10.3 at 4, 14 and 30d; p<0.01) 
while a* and C* parameters didn’t change with 
ageing time (a*: 18.3, 19.1 and 19.2; C*: 17.6, 
17.9 and 19 for 4, 14 and 30d). Regarding 
WBSF, although it numerically decreased with 
time, that was not significant (p>0.1). These 
results are consistent with those observed in 
previous studies on the WBSF of Pampeana 
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Table 1. Influence of diet (average of 3 maturing 
times) on pH, color, WBSF, cooking losses, and 








 Ext. SE Inten P.S. Day Int.  
Sample 
number 
















<.01 .013 ns 2.99 








<.01 <.01 ns 1.22 










.002 .001 ns 2.85 
WBSF, 
lb 










.007 <0.01 ns 3.38 





<.01 .004 ns 1.66 
Flavor 
intensity 
3.64 4.11 4.10 .08 .09 ns 1.87 
Off 
flavor 
0.91 0.65 1.03 .08 .03 ns 1.44 
Tend. 3.49 3.17 2.74 .003 .342 .002 1.64 
Ext.: extensive system (grazing); SE: semi extensive 
system (grazing + supplement); Inten.: Intensive 
system/feedlot). Probability: P.S.: production 
systems; Day: days of ageing; Int.: interaction. *Root 
Mean Square Error. L*, a*, b*, C*: after 50 minutes 
of blooming; Tend.: Sensory Tenderness. Different 
letters indicate significant differences p<0.01 
 
Feedlot animals showed lower color and higher 
grill cooking losses and tenderness (diet x time, 
P<0.01) than pasture-raised animals. There were 
not differences among production systems on 
flavor intensity. For all systems, off flavor were 
negligible up to 30days of conservation. 
Regarding ageing time, most of sensory 
parameters were affected. Cooking losses 
increased with ageing time (14,8; 19,7 and 24,6 
for 4, 14 and 30days; P<0.01), and the same 
held true for off flavor (0,6; 0,9 and 1,1; P<0.05) 
and tenderness (3.27; 3.17 and 3.00; P>0.01), 
while color remained stable after 14 d (4 vs 4,5 
average 14 and 30d;  P<0.01). Flavor intensity 




As expected, the production system and ageing 
time affected pH value, instrumental colour and 
cooking losses but did not affect tenderness. Due 
to the young age of the animals, the meat was 
tender in all systems and although numerically 
increased with time of ageing, this variation was 
not significant. From a sensory standpoint, the 
meat from the pasture-based production systems 
were less tender and more colored than feedlot but 
all meats presented similar flavor without 
significant off flavour. Ageing time did not 
improve the sensory tenderness. Regardless of the 
production system, for British cattle, meat from 
the ‘Patagonian-region’ of Argentina showed 
physico-chemical and sensory attributes suitable 
for consumption from 4 days of ageing and it may 
be considered as very tender due to the young age 
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Abstract –This study examine the effect of age of 
the animals and ageing time (d1, d9, d15) on meat 
texture of ten double-muscled Piemontese culled 
cows, slaughtered under “young” and over 
“mature” 5 years of age. The analyses carried out 
on longissimus thoracis et lumborum (LTL) muscle 
were: pH (at 30 hrs p.m.), sarcomere length, 
cooking losses (CL), Warner-Bratzler shear force 
(WB), compression test (CT). The considered 
parameters for WB were: peak force (PF), initial 
yield (IY) and their difference (PF–IY). The 
compression test was performed at 20% (H20%) 
and 80% (H80%) of original height of the sample. 
Compared with young cows, mature cows, had a 
higher PF–IY value. The lower IY and the higher 
difference PF-IY at d9 and d15 in comparison 
with d1 certify the tenderizing effect of ageing on 
myofibrillar tissue. Similarly, a lower H20% was 
detected at d9 and d15, which reflects the 
tenderizing effect of the proteases on the 
myofibers. These results indicate that the 
tenderness significantly improved until 9 days of 
ageing. Therefore, a further extension of ageing 
does not seem convenient to improve meat 





The double-muscled Piemontese is the most 
important Italian beef breed. In 2011, the total 
number of animals registered in the herd book 
was 267.000 and it has been estimated that a 
total of 36.000 ton of meat have been produced 
(1). Cows, culled for various reasons,  none of 
which prevent them from being used for 
butchering, represent 47% of total Piemontese 
cattle. Since these animals are of considerable 
economic value for producers and beef chain, 
management and marketing strategies enhancing 
the value of these animals and beef production 
are worth considering. As regard meat quality, it 
is well known that tenderness is the qualitative 
characteristic that most influences product 
acceptability. Therefore the problem of 
inconsistent meat tenderness is a top priority of 
the meat industry. Meat tenderness depends on 
several factors such as breed, age at slaughter, 
cooling condition and ageing of meat. The high 
degree of specialization reached by meat 
industry in slaughter procedure and meat 
refrigeration implies that age at slaughter is the 
major cause of inconsistency in meat tenderness 
of Piemontese culled cows and ageing is 
considered one of the main method of improving 
beef tenderness. As the studies on meat texture 
of Piemontese culled cows are lacking, the aim 
of this research was to assess the effect of age at 
slaughter and ageing period on meat tenderness.  
 
II. MATERIALS AND METHODS 
 
Ten double-muscled Piemontese cull cows, aged 
4÷13 years, were selected and divided in two 
groups of 5 animals: “young” (< 5 years) and 
“mature” (> 5 years). The animals were 
slaughtered at the same slaughterhouse. The 
average weight of the carcasses was kg 444 ± 54 
and kg 400 ± 36 for “young” and “mature” cows,  
respectively. Carcasses were graded according 
to the European beef grading system. All 
carcasses were classified U2 except for two 
carcasses of the young group which were 
classified E2.  
Twenty four hours post mortem the portion of 
longissimus thoracis et lumborum (LTL) 
between 8th thoracic and 1st lumbar vertebra was 
removed from the right side of each carcass and 
stored in a cooler at 2°C and at 78% R.U. Then 
at 30 hrs post mortem the pH was measured by a 
Crison pHmeter with an Ingold spear electrode 
and a muscular section was dissected for the 
sarcomere length analysis by diffraction method, 
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using a helium-neon laser (2). At 1, 9 and 15 
days post mortem a section 9 cm thick was taken 
from LTL muscle and each section was divided 
into three 3 cm thick steaks. The first steak was 
used for cooking losses analysis, the second for 
Warner-Bratzler shear measurement and the 
third for the compression method. 
The steak for cooking losses determination was 
sealed in a polyethylene bag and heated in a 
water bath, preheated at 75°C, to an internal 
temperature of 70°C (3). The shear force was 
measured on meat samples 1 x 1 x 3 cm of raw 
meat, taken parallel to muscle fibers, using an 
Instron 5543 equipped with a triangular Warner-
Bratzler blade and a crosshead speed of 200 
mm/min (4). As suggested by Møller (1980), 
from the WB force deformation curve two 
parameters were considered: the initial yield 
(IY) and peak force (PF). IY (in N) is a 
measurement of the myofibrillar component of 
tenderness. This value was estimated as 
described by Purchas and Aungsupakorn (1993). 
PF (in N) is the maximum force required for 
cutting the sample and represents the overall 
toughness, reflecting both myofibrillar and 
connective tissue. The difference between PF 
and IY values (PF-IY) were calculated and were 
considered as an index of the connective  tissue 
contribution to meat tenderness (7). The energy 
(area under force deformation curve in Ncm) of 
PF (E PF) and IY (E IY) was also calculated 
from the force-distance curves.  
The compression method was performed with an 
Instron 5543 to measure Hardness as the force 
(in N) required to drive a 10 x 10mm square 
compression cell into a sample of raw meat. The 
cell was equipped with two lateral walls to limit 
free strain of the sample to a direction parallel to 
the myofibers (8). Meat samples 1x1x3 cm were 
compressed at 200 mm/min speed perpendicular 
to the fiber axis to 20% (H20%) and 80% 
(H80%) of their original height.  
The data were analysed using the GLM 
procedure of SPSS, considering as factors age at 




III. RESULTS AND DISCUSSION 
 
As no significant age at slaughter x ageing 
interactions occurred, only main effects are 
reported in the tables. The effect of the age at 
slaughter on the studied parameters is reported 
in table 1. 
The mean value for pH of 5.45 ± 0.02  (s.d.) 
indicate a regular development of post-mortem 
glycolysis. None of animals expressed an 
ultimate pH above 6.0, because precautions were 
taken to prevent DFD conditions and the 
duration of transport to the slaughterhouse did 
not exceed 1 hour.  
The  sarcomere length measurements were 
slightly higher (1.86 vs 1.68) than that observed 
by Barge et al. (1997) in bulls of the same breed 
and reflects the absence of cold shortening. 
Even if not significant, cooking losses resulted 
slightly higher in young cows. 
In relation with the Warner-Bratzler shear force 
parameters, no significant differences were 
observed between young and mature cows, 
except for PF–IY difference. 
The significant higher PF–IY value observed in 
the mature cows suggest a greater contribution 
of the connective tissue to the meat toughness. 
 
Table 1 Effect of age at slaughter on pHu, sarcomere 
length, cooking losses and texture of beef from 
Piemontese culled cows 
 
 Young Cows Mature Cows s.e. 
    
pHu 5.46 5.44 0.07 
SL (m)  1.91 1.80 0.06 
CL (%) 22.09 20.18 0.73 
IY (N) 13.62 11.89 0.77 
PF (N) 27.32 31.29 1.82 
PF-IY (N) 13.70 b 19.40 a 4.34 
E IY (Ncm) 9.05 7.13 1.03 
E PF (Ncm) 16.04 16.16 1.11 
H20% (N) 13.89 14.44 0.84 
H80% (N) 30.80 29.95 1.68 
 
a, b means in the same row with different letters differ 
significantly (P<0.05); 
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The effect of ageing period on cooking losses, 
Warner-Bratzler shear force and compression 
test is reported in table 2.  
In comparison with d1, d9 and d15 significantly 
decreased cooking losses (P<0.01), IY (P<0.01), 
H20% (P<0.01) and increased PF–IY (P<0.05). 
As regards cooking losses, different findings 
were reported by Destefanis et al. (2002) for 
Piemontese bulls. 
The effect of ageing in reducing meat toughness 
is well documented (11). In fact, in our research 
the lower IY and the higher difference PF-IY at 
d9 and d15 in comparison with d1 certify the 
tenderizing effect of ageing on myofibrillar 
tissue and, therefore, its lower contribution to 
the overall toughness. 
The decrease of IY resulted 27% between d1 
and d15, but the largest tenderizing effect (24%) 
occurred between d1 and d9. 
Also the trend of difference PF–IY confirms this 
finding. Consequently, nine days of ageing may 
be considered enough to improve beef 
tenderness of Piemontese cows. 
No significant differences were observed for PF, 
because the measurements were carried out on 
raw meat and consequently the tenderizing 
effect of cooking on connective tissue was 
lacking. 
According to Lepetit and Culioli (1994), the 
meat compression at 20% is related to myofiber 
strength, while the compression at 80% regards 
the resistance of connective tissue. Our results 
are in agreement with this statement. In fact, 
compared to d1, a significantly lower force was 
detected at d9 and d15 for compression at 20%, 
which reflects the tenderizing effect of the 
proteolytic enzymes on the myofibers. Similarly 
to IY and difference PF–IY, the most 
remarkable decrease of resistance was observed 
in the first nine days of ageing. 
On the contrary, because ageing does not 
influence the mechanical resistance of 
connective tissue, no significant differences 
were detected in ageing time for the 
compression at 80%. 
The compression test values at 80% were low 
and indicated that connective tissue, even in 






Table 2 Effect of ageing period on cooking losses and 
texture of beef from Piemontese culled cows 
  
 Ageing period  
 d1 d9 d15 s.e. 
     
CL (%) 24.18 A 18.90 B 20.33 B 0.90 
IY (N) 15.36 A 11.73 B 11.16 B 0.95 
PF (N) 25.83 30.80 31.27 2.23 
PF-IY (N) 10.47 b 19.07 a 20.10 a 5.32 
E IY (Ncm) 10.22 7.28 6.76 1.26 
E PF (Ncm) 15.17 15.84 17.29 1.36 
H20% (N) 16.71 A 12.96 B 12.82 B 1.03 
H80% (N) 31.02 28.35 31.74 2.06 
 
a, b means in the same row with different letters differ 
significantly (P<0.05); 





The measurements of initial yield from WB 
shear force deformation curve, as suggested by 
Purchas and Aungsupakorn (1993), turned out to 
be useful to estimate the myofibrillar 
contribution to overall meat toughness. The 
Warner-Bratzler shear force and the 
compression test gave consist results, even if 
they measure different textural meat 
characteristics, such as tensile force for WB and 
penetration force for compression test. 
Textural properties of meat, apart from PF-IY, 
did not vary between young cows and mature 
cows and significantly improved throughout the 
ageing period until 9 days. A further extended 
ageing period did not seem convenient to 
improve meat tenderness also considering the 
costs involved in the process. 
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Abstract- The aim of this study was to 
describe sarcomere length, instrumental and 
sensory meat tenderness and their 
associations in 13 heavy lamb skeletal 
muscles. Sarcomere length, instrumental 
(WB-shear force) and sensory tenderness 
were determined 24 h after slaughter in 
muscles Semitendinosus, Longissimus 
lumborum, Semimembranosus, Cranial 
Gluteobiceps, Adductor, Gluteus medius, 
Triceps brachii caput longum, Psoas major, 
Rectus femoris, Vastus lateralis, Serratus 
ventralis, Infraspinatus and Supraspinatus of 
five crossbred heavy lambs. Muscle Psoas 
major showed the lowest shear force value 
and the highest sensory tenderness rating. 
Muscle Semimembranosus showed the highest 
shear force value, whereas muscle Serratus 
ventralis received the lowest sensory 
tenderness rating. Muscles showing the 
longest sarcomeres were Psoas major and 
Semitendinosus, whereas muscles with the 
shortest sarcomeres included Longissimus 
lumborum, Adductor and Semimembranosus. 
Sarcomere length was not correlated to 
either instrumental or sensory tenderness, 
whereas instrumental and sensory tenderness 
were moderately correlated. This is the first 
description of instrumental and sensory meat 
tenderness covering the major muscles of 
heavy lambs. Results of the present study 
suggest that for a better understanding of 
heavy lamb individual muscle tenderness, 
both instrumental and sensory evaluations 
should be used. 
Keywords: Meat tenderness, Meat quality, 
Sheep.    
I. INTRODUCTION 
Generally, meat tenderness can be assessed 
through either instrumental or sensory 
measurements. Although instrumental 
measurements are needed to ensure 
consistent product quality, since human 
perception of meat palatability is derived 
from a complex interaction of sensory and 
physical processes, both instrumental and 
sensory methods should be combined in 
order to fully characterize meat quality (1).  
Additionally, sarcomere length can also be 
used as an indirect determinant of meat 
tenderness, since muscle contraction during 
the onset of rigor is considered one of the 
main factors affecting meat tenderness (2).  
Although, intermuscular differences in 
instrumental meat tenderness have been 
described for several muscles from medium 
wool × fine wool crossbred wethers (3), no 
studies were found describing sarcomere 
length, instrumental and sensory meat 
tenderness in the major muscles of 
crossbred heavy lambs.      
Thus the aim of this study was to describe 
sarcomere length, instrumental and sensory 
meat tenderness and their associations in 13 
heavy lamb skeletal muscles. 
II. MATERIALS AND METHODS 
Five 14-month-old (8 milk teeth) Poll 
Dorset crossbred heavy-ram lambs with live 
weights of 71.9 ± 1.67 Kg (mean ± SEM) 
were used in this study. Meat quality traits 
were determined 24 h after slaughter in 
muscles Semitendinosus, Longissimus 
lumborum, Semimembranosus, Cranial 
Gluteobiceps, Adductor, Gluteus medius, 
Triceps brachii caput longum, Psoas major, 
Rectus femoris, Vastus lateralis, Serratus 
ventralis, Infraspinatus and Supraspinatus.  
Sarcomere length was determined 
histologically in 2.5 % glutaraldehyde-fixed 
samples using an image analysis system 
(Infinity analyze®, Toronto, Canada) to 
obtain 30 measurements/muscle. 
Instrumental tenderness was determined in 
cooked meat through Warner Bratzler (WB) 
shear force with an Instron series 3342. 
Sensory tenderness and global acceptability 
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were determined through consumer panel 
sessions including 180 consumers (110 
male and 70 female). A balanced 
incomplete block design and a ten point 
discontinued scale were used. Intermuscular 
differences in meat quality traits were 
analyzed by ANOVA (P<0.05). Pearson 
correlation coefficients between meat 
quality traits were generated across all 
muscles. 
III. RESULTS AND DISCUSSION 
The various muscles studied showed 
differences in all the studied variables 
(Table 1). Regarding instrumental 
tenderness ranking, our results disagree 
with those reported by Tschirhart-Hoelscher 
et al. (3). Such differences are expected 
since Tschirhart-Hoelscher et al. (3) 
described meat tenderness for 7-day-aged 
muscles. Also, differences between both 
reports could be due to differences in 
animal biotypes (4). Nevertheless, a very 
similar instrumental muscle tenderness 
ranking has been described in cattle (5).  
Regarding sarcomere length, our results are 
also consistent with previous reports for 
different ovine muscles (3; 6-7).  
 
Table 1: Meat quality traits (means ± pooled SEM): WB shear force, sarcomere length, sensory 
tenderness and global acceptability in different heavy lamb muscles.  




2.24 ± 0.07 bc 
 
2.28 ± 0.26 abcde 
 
5.98 ± 0.48 c 
 
6.12 ± 0.42 c 
Supraspinatus 2.07 ± 0.07 cd 2.28 ± 0.26 abcde 6.04 ± 0.43 c 6.70 ± 0.37 bc 
Infraspinatus 2.19 ± 0.07 bc 2.40 ± 0.26 abcde 7.66 ± 0.43 ab 7.46 ± 0.37 ab 
Psoas major 2.64 ± 0.07 a 1.77 ± 0.26 e 8.46 ± 0.43 a 7.92 ± 0.37 a 
Triceps brachii 
caput longum 




1.88 ± 0.07 de 2.23 ± 0.26 abcde 7.54 ± 0.43 ab 7.44 ± 0.37 ab 
Vastus lateralis 1.89 ± 0.07 de 2.01 ± 0.29 abcde 7.30 ± 0.43 ab 7.20 ± 0.37 abc 
Rectus femoris 2.11 ± 0.07 bc 2.13 ± 0.26 abcde 7.52 ± 0.43 ab 7.30 ± 0.37 ab 
Longissimus lumborum 1.86 ± 0.07 e 1.92 ± 0.29 cde 8.08 ± 0.43 
a
 7.68 ± 0.37 ab 
Gluteus medius 1.90 ± 0.07 de 1.81 ± 0.26 de 8.22 ± 0.48 a 7.60 ± 0.42 ab 
Adductor 1.85 ± 0.09 e 2.2 ± 0.29 abcde 7.78 ± 0.43 ab 7.22 ± 0.37 abc 
Semimembranosus 1.72 ± 0.07 e 2.73 ± 0.26 ab 6.62 ± 0.43 bc 6.96 ± 0.37 abc 
Semitendinosus 2.49 ± 0.07 a 2.56 ± 0.26 abc 6.86 ± 0.43 bc 6.78 ± 0.37 bc 
Within a column, muscles not followed by the same superscript are different (P<0.05). 
Although we found no previous studies 
describing muscle rankings for sensory 
tenderness in sheep, results of the present 
study showed some important similarities to 
those reported by Rhee et al. (8) for several 
bovine muscles.  
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Moreover, in the present study the only 
significant correlations detected between 
sensory and instrumental meat quality traits 
were the negative associations of both 
sensory tenderness (-0.39; P=0.01) and 
global acceptability (-0.41; P=0.01) with 
WB shear force. In the ovine species Safari 
et al. (9) found an intense negative 
correlation between WB shear force and 
sensory tenderness exclusively for muscle 
Longissimus thoracis et lumborum. 
However, our results suggest that among a 
large and heterogeneous group of muscles, 
associations between instrumental and 
sensory tenderness may not be that strong.  
Additionally, in the present study no 
correlations were detected between 
sarcomere length and meat tenderness. This 
is in agreement with Tschirhart-Hoelscher 
et al. (3) and suggests that among a large 
and heterogeneous group of heavy lamb 
muscles, sarcomere length may not be able 
to explain intermuscular differences in meat 
tenderness by itself.  
IV. CONCLUSIONS 
In brief, this is the first description of 
instrumental and sensory meat tenderness 
covering the major muscles of heavy lambs. 
Results of the present study suggest that for 
a better understanding of heavy lamb 
individual muscle tenderness, both 
instrumental and sensory evaluations 
should be used.  
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EFFECTS OF DIETARY INCLUSION OF MORINGA OLEIFERA LEAF 
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Effects of different levels of Moringa oleifera leaf 
meal (MOLM) on growth, carcass and meat 
quality were determined for 24 male pigs, i.e., 12 
Large White (LW) and 12 Kolbroek (KB) aged 
six weeks. Four pigs from each breed were 
allocated to one of three dietary treatments 
containing 0% (T1), 2.5% (T2) and 5% (T3) 
MOLM. The MOLM inclusion resulted in lower 
FCR in LW pigs than in the KB. The inclusion 
of MOLM resulted in higher back fat thickness 
in KB, with no effect on the LW pigs. There 
were no significant differences in pH45 between 
KB and LW pigs on T2 and T3 diets. Significant 
differences were observed in the control diet 
(T1), with LW having a higher pH45 than KB.  
The pHu, L*, b*, Chroma values were not 
influenced by both breed and diet. Increasing 
MOLM inclusion in feed to 5% significantly 
reduced the WBSF values of KB and LW pigs, 
with LW having lower values up to 2.5% 
MOLM inclusion. MOLM in pig diets had no 
adverse effects on the growth performance and 
appeared to be effective in improving pork 
quality with marked improvement in the LW 
breed.  
I. INTRODUCTION 
Genotype and nutrition influence pig growth 
performance and the ultimate quality of pork 
produced [5]. Hence, there is great interest in 
the variation between breeds for pork quality 
aspects. Large White (LW) pigs are exotic to 
South Africa, have high growth rates and are 
good converters of feed into pork [2]. Local 
breeds such as the Kolbroek (KB) appear to 
have substantially more fat than commercial 
pig breeds [9]. Pork from these pigs is a poorly 
accepted by consumers and for commercial 
use. Manipulating the nutrient composition of 
pig diets offsets the negative effects on pork 
quality. Natural products with antibiotic 
properties such as Moringa oleifera Lam. 
leaves are used to enhance growth 
performance and improve meat quality [6]. 
Moringa oleifera Lam. leaves are a potential 
resource for animal nutrition. Due to their vast 
nutritional significance, with high levels of 
crude protein, vitamin E, amino acids, 
minerals and fatty acids, including notably 
high levels of n-γ(α-linoleic acid) [6], they 
have been shown to improve the quality and 
oxidative stability of meat [6][11]. This study 
aims to assess the effects of inclusion of 
graded levels of Moringa oleifera leaf meal 
(MOLM) on feed conversion efficiency and 
physico-chemical meat quality of LW and KB 
pigs. 
 
II. MATERIALS AND METHODS 
Ethical principles were considered in this 
study (Certificate Reference Number: 
MUC011 SNDU01). Twenty four male pigs 
(12 Large White, 12 Kolbroek) aged six weeks 
were used in the feeding trial. The pigs were 
allocated into 3 groups of 4 for each breed, and 
the groups were subdivided to make each pig 
an experimental unit. A conventional maize-
soya bean meal feed was used as the control 
(T1) and treatments 2 and 3 consisted of feed 
formulated to include 2.5% and 5% MOLM, 
respectively. All the dietary treatments were 
formulated and equally balanced for starter 
and grower phases. The feed conversion ratio 
(FCR) of the pigs were recorded and computed 
as an indicator of growth performance. After 
the feeding trial, all the pigs were slaughtered. 
Back fat thickness and pH readings were taken 
45 minutes (pH45) and 24 hours (pHu), 
postmortem. Meat samples taken from the 
Muscularis Longissimus thoracis et. lumborum 
(LTL) were analysed for colour (L*, a*, b*), 
and these values were used to calculate the 
chroma value and hue angle. The LTL samples 
were also used to measure the Warner Bratzler 
Shear Force (WBSF). 
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III. STATISTICAL ANALYSIS 
Data for growth performance, carcass and 
meat quality traits were analysed using PROC 
GLM procedures of SAS (2003) and pair wise 
comparisons of LSMeans were done. The 
statistical model used for growth performance 
was Yijk = µ + αi + j + k + α ij+ α ik+ jk + 
Ԑijkl; and the model used for carcass and meat 
quality traits was Yijk = µ + αi + j + α ij+Ԑijk 
IV. RESULTS AND DISCUSSION 
The 2.5% and 5% MOLM inclusion level 
resulted in lower FCR in the LW pigs than in 
the KB (Figure 1). The LW pigs had a lower, 
and therefore, a better FCR compared to the 
KB pigs. This implies that the KB pigs were 
less efficient in converting feed into body 
mass than the LW pigs and the inclusion of 
MOLM in the diet did not indicate better feed 
conversion efficiency in these KB pigs (FCR 
was low in 0% MOLM). This is in agreement 
with the observations made by [1], where the 
Basque pigs showed lower growth and higher 
feed conversion efficiency than LW pigs.  
Significant differences (p<0.05) on the pH45 
were observed among KB and LW pigs that 
received 0% MOLM, where KB pigs had a 
lower pH45 value (Table 1). In LW pigs, 
increasing the inclusion of MOLM in the diet 
reduced pH45. The results of the current study 
do not agree with the findings of [8], who 
observed no significant differences for BFT 
and pH45, in pigs that received 0%, 2.5%, 5% 
and 7% MOLM. The results of the current 
study showed that the pHu, L*, b*, Chroma 
and Hue value measures were not significantly 
(p>0.05) influenced by breed. In terms of 
colour, there were no significant differences in 
the L* and b* values within breeds in this 
study. [4], however, found Chinese pig meat to 
be darker than that of foreign breeds. The KB 
pigs had a significantly (p<0.05) lower 
thawing and cooking loss compared to the LW 
pigs. 
Figure 1 Feed conversion ratio of Kolbroek and 
Large White pigs receiving different levels of 
MOLM over a period of seven weeks  
This is supported in a study by [14] where 
tenderness was affected by breed, being higher 
in Large White pigs than in indigenous 
Tamworth pigs. Animals exposed to pre-
slaughter stress tend to have tougher and 
darker meat due to the depletion of glycogen 
in the muscle [7]. The way these animals react 
to stress depends on the genetic background 
and prior history of the animal [12]. Animals 
which are more excitable to stress are more 
expected to produce tougher meat [13]. In 
comparisons across treatments, there were 
significant differences in a*, hue (º) and 
WBSF values within KB and LW pigs across 
treatments. The 2.5% and 5% MOLM 
inclusion levels in the feed resulted in 
significantly (p < 0.05) higher a* and hue 
values than in the pigs that received 0% 
MOLM and those that received. The higher a* 
values of meat from pigs that were fed 2.5% 
and 5% MOLM  could be attributed to the 
high levels of dietary iron in the MOLM used 
in this study. The results showed that the 
thawing loss of KB pigs that received 0% 
MOLM was significantly higher (p < 0.05) 
from KB pigs that received 2.5% and 5% 
MOLM. In terms of cooking loss, significant 
differences were observed in the LW pigs that 
received 0% and 2.5% MOLM and those that 
received 5% MOLM, where pigs that received 
5% MOLM had a higher cooking loss. The 
WBSF values between KB pigs that were fed 
0% and 2.5% MOLM were significantly 
higher (p < 0.05) than pigs fed 5% MOLM. 
Inclusion of MOLM in the pig feed resulted in 
decreased WBSF values, and thus increased 
tenderness. The LW pigs had WBSF values 
that were not significantly different (p > 0.05) 
across all treatment groups.  
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Table 1 Effect of different levels of Moringa 
oleifera leaf meal (MOLM) on carcass and meat 





T1 T2 T3 
 BFT 
(mm) 
   
Breed KB 14.1Aa±2.3 21.5Bb±2.3 21.9Bb
±2.3 




   
Breed KB 6.3Aa±0.11 6.5Aa±0.11 6.4Aa±
0.11 
 LW 6.9Bb±0.11 6.4Aa±0.12 6.2Aa±
0.12 
 pHu    
Breed KB 5.6Aa±0.08 45.2Aa±2.26 46.3Aa
±2.26 
 LW 5.7Aa±0.08 49.7Aa±2.60 51.3Aa
±2.60 
 L*    
Breed KB 51.3Aa±2.26 45.2Aa±2.26 46.3Aa
±2.26 
 LW 54.2Aa±2.26 49.7Aa±2.60 51.3Aa
±2.60 
 a*    
Breed KB 4.3Aa±0.77 7.2Ab±0.77 6.7Ab±
0.77 
 LW 4.5Aa±0.77 6.7Aa±0.89 5.2Aa±
0.89 
 b*    
Breed KB 7.8Aa±0.75 7.8Aa±0.75 7.8Aa±
0.75 
 LW 7.1Aa±0.75 8.3Aa±0.87 8.2Aa±
0.87 
 Chr    
Breed KB 9.0Aa±0.90 10.7Aa±0.90 10.3Aa
±0.90 
 LW 8.5Aa±0.90 10.7Aa±1.04 9.7Aa±
1.04 
 Hue    









 TL    
Breed KB 3.5Ab±0.54 1.4Aa±0.54 0.8Aa±
0.53 
 LW 3.4Aa±0.54 3.0Aa±0.62 2.7aB±
0.62 
 CL    
Breed KB 15.4Aa±4.98 14.4Aa±4.98 15.5Aa
±4.98 




   
Breed KB 22.7Ab±1.68 20.7Ab±1.68 12.1Aa
±1.68 
 LW 16.3aB±1.68 14.5aB±1.94 12.8Aa
±1.94 
ABMeans in the same column per carcass traits with 
different superscripts are significantly different (p<0.05) 
abMeans in the same row with different superscripts are 
significantly different (p<0.05) 
Moringa oleifera leaf meal (MOLM); back fat thickness 
(BFT); Lightness (L*); redness (a*); yellowness (b*); 
Chroma (Chr); thawing loss (TL); cooking loss 
(CL);Warner Bratzler Shear Force (WBSF). 
 
V. CONCLUSION 
The inclusion of MOLM as an additive on pig 
diets had no adverse effects on the growth 
performance, carcass and meat quality traits of 
KB and LW pigs and appeared to be effective 
in improving thawing, loss, WBSF and 
cooking loss.  It was however observed that 
the inclusion of MOLM in the diet was more 
effective in the LW pigs than in the KB pigs. 
Therefore, it can be concluded that the 
inclusion of MOLM in pig feed can be used in 
pig diets as an additive with a potential to 
improve the quality of pork.  
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RELATIONSHIP BETWEEN MEAT JUICINESS INTENSITY SCORES 
DURING CHEWING 
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Abstract – The objective was to establish 
relationships between sensory juiciness intensity 
scores during chewing. Chicken breast meat was 
ground, made into 90g patties, and cooked to 78oC. 
Sensory assessment for juiciness was made by a 7-
member, trained descriptive panel using a time-
intensity method followed by an overall juiciness 
evaluation. There were significant differences in 
intensity scores of juiciness during chewing. 
Significant linear correlations were consistently 
found between juiciness scores at evaluating times 
(seconds) that were close to each other during 
chewing. Juiciness intensity scores in the first 15 
bites of evaluation were highly correlated (P<0.01 
and r≥0.79). However, for the intensity scores 
collected between 20 and 40 bites during chewing, 
correlation is neither significant (P>0.01) nor as 
strong as those scored in the first 15 bites. Overall 
juiciness scores were better correlated (P>0.70) 
with the scores collected in the first 20 bites of 
chewing. These results indicate that for cooked 
chicken breast meat, any measurement of the 
moisture released in the first 15 bites of chewing 
provides the results similar to each other and is a 
good indicator for overall meat juiciness.  
 
I. INTRODUCTION 
Juiciness is one of the most important meat 
sensory quality attributes for consumption. Meat 
juiciness is exclusively measured by sensory 
evaluation and its definition varies in study. It 
can be the overall impression of juice perceived 
in the mouth during chewing, in which saliva 
formation could be a factor, or the amount of 
moisture released from the food after the initial a 
few chews, in which juiciness more relies on 
moisture in products and saliva formation is not 
involved (1, 2). The relationship between these 
two-evaluation results is not well established in 
meat and how many initial chews should be used 
before the juiciness is scored is not consistent in 
the literature. Sensory time-intensity (IT) study 
is a technique used to measure temporal changes 
in sensory perception taking place in the mouth 
during chewing and should be a proper tool to 
help to answer these two questions. The 
objective of the present study was to investigate 
relationships between juiciness intensity scores 
during chewing (moisture releases in the initial 
chews) and between juiciness scores during 
chewing and overall juiciness (an overall 
impression of juiciness) using the IT method and 
cooked chicken breast meat as a model.  
II. MATERIALS AND METHODS 
Broiler (6 weeks old) carcasses were collected 
from a local processing plant. Breast fillets were 
deboned, ground, and made into 90g patties. 
Meat patties were cooked in a Henny penny 
combi oven to the end-point temperature of 78oC. 
TI-juiciness was assessed for 40 seconds on 0-15 
point line scales (Compusense C5R48, Guelph, 
ON) (2, 3). Trained assessors chewed at a rate of 
one chew/sec and selected zero when samples 
were ready to swallow. Overall juiciness was 
scored following TI assessments. For data 
analysis, Proc GLM of SAS and the Tukey 
options were used for the mean comparison 
among juiciness scores. Pearson’s correlations 
between measurements were analyzed using 
XLSTAT. 
III. RESULTS AND DISCUSSION 
Table 1 shows that the ranges of sensory 
juiciness intensity scores were similar (1.5 to 2.5 
units) and there were significant differences 
(P<0.05) among average juiciness intensity 
scores during chewing. Average juiciness 
intensity scores of cooked chicken breast meat 
started at 3.41 unit, increased significantly 
(P>0.05) as the chewing continued, and reached 
the maximal value of 4.24 at the 15th bite or 15 
sec of chewing. Then they reduced to 1.62 after 
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40 bite (or sec). The similar TI pattern for 
juiciness scores was also reported by Zimoch 
and Findlay (2) in cooked beef. Our results 
indicate that the average values of juiciness 
intensity scores for cooked chicken breast meat 
would differ from the time you evaluate them 
during chewing.  
Table 1. Reference values of observation, minimum, 
maximum, mean, standard deviation, and 
significance for sensory juiciness intensity score of 
broiler breast meat tested during chewing.  
Second/Bite Obs. Min. Max. Mean Stddev. 
one 260 1.99 4.53 3.41e 0.63 
two 260 2.22 4.73 3.64d 0.62 
five 260 2.43 4.79 3.95c 0.56 
ten 260 2.64 4.84 4.09abc 0.51 
fifteen 260 2.87 4.97 4.24a 0.47 
twenty 260 3.25 4.74 4.18ab 0.33 
Twenty five 260 3.38 4.74 4.18ab 0.31 
thirty 260 2.34 4.49 2.80f 0.53 
Thirty five 260 2.07 4.03 2.80f 0.54 
forty 260 0.91 2.62 1.62g 0.52 
overall 260 2.72 4.78 4.05bc 0.44 
a-f Mean values with no common superscript in the juiciness 
scores are significantly different from each other (P<0.05).   
Table 2 shows that highly significant (P<0.01) 
and strong (r≥0.79) Pearson’s correlation 
coefficients occurred between the juiciness 
intensity scores ≤15 bites. Scores given at the 
20th bite correlated with those at 2 through 15 
bites (P<0.005) but the coefficients were <0.70. 
Highly significant Pearson’s correlations 
(P<0.005) were found between juiciness scores 
at bites or seconds that were close to each other. 
There were no correlations between juiciness 
scores collected after 20 bites and scores before 
the 15th bite, with the exception of 15 versus 25 
bite. There were significant (P<0.0001) and 
strong (r>0.70) correlation between juiciness 
scores collected before 15 sec of chewing and 
overall juiciness. There were significant 
(P<0.001) but not strong correlations (r<0.7) 
between overall juiciness and juiciness scores 
collected between the 20th and 25th bite; however, 
no significant correlations were found between 
juiciness scores >25 bites and overall juiciness. 
These results indicate that both juiciness 
definitions would provide the same results for 
cooked chicken breast meat. For cooked chicken 
breast meat, the juiciness intensity scores 
collected from the initial 15 bites during 
chewing or moisture released in the initial 15 sec 
of chewing are similar to each other and any one 
of them can be used for indicating meat juiciness. 
The initial moisture release (≤15 bites) has more 
impact on panel’s overall juiciness perception 
than those after the 20th bite. Any of the 
measurements of moisture releases during the 
first 15 seconds of chewing or in the first 15 
bites can be used to predict meat overall 
juiciness. 
IV. CONCLUSIONS 
For cooked chicken breast meat, average values 
of juiciness intensity of cooked meat would 
depend upon the time when the juiciness is 
scored during chewing and they are not always 
linearly correlated. Either of the two juiciness 
evaluation methods would provide the same 
conclusion. As long as the moisture releases are 
scored during the first 15 bites, the values should 
be valid indicators for meat juiciness and can be 
used to predict overall meat juiciness. 
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Table 2. Pearson’s correlation coefficients between time-intensity juiciness scores at selected intervals and between 
the time-intensity scores and overall juiciness scores (Values in bold are significantly different from 0 with a 
significance level alpha=0.01). 
 
 
SECONDS ONE TWO FIVE TEN FIFTEEN TWENTY TWNTFIVE THIRTY THIRTFV FORTY
TWO 0.9797 1
p-value <.0001
FIVE 0.926 0.9698 1
p-value <.0001 <.0001
TEN 0.8569 0.9111 0.9535 1
p-value <.0001 <.0001 <.0001
FIFTEEN 0.7874 0.8391 0.8896 0.9431 1
p-value <.0001 <.0001 <.0001 <.0001
TWENTY 0.3991 0.4248 0.4742 0.4857 0.6738 1
p-value 0.0159 0.0098 0.0035 0.0027 <.0001
TWNTFIVE 0.2497 0.2545 0.2819 0.2723 0.4578 0.7339 1
p-value 0.1419 0.1342 0.0957 0.1081 0.005 <.0001
THIRTY -0.052 -0.0278 0.0187 0.0001 0.1363 0.4319 0.5235 1
p-value 0.7628 0.8723 0.914 0.9995 0.4281 0.0085 0.0011
THIRTFV -0.282 -0.2483 -0.229 -0.2563 -0.267 0.0034 0.1398 0.5442 1
p-value 0.0952 0.1443 0.1783 0.1314 0.1159 0.9845 0.4162 0.0006
FORTY -0.353 -0.3642 -0.336 -0.3434 -0.364 -0.118 0.1686 0.5069 0.7929 1
p-value 0.0349 0.029 0.0449 0.0403 0.0289 0.4923 0.3257 0.0016 <.0001
OVERALL 
JUICINESS 0.7342 0.7853 0.8337 0.8542 0.9249 0.6688 0.5615 0.2665 -0.178 -0.2
p-value <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0004 0.1161 0.2986 0.25
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Abstract – This study determined the physico- 
chemical quality and fatty acid profiles of mutton 
cuts purchased from rural and urban shops and 
butcheries in five municipalities in the Eastern Cape 
province of South Africa. Five hundred and ten 
samples were collected in four seasons and 
transported to the laboratory for meat quality and 
fatty acid analysis. L* values were lowest (24.7±0.49) 
in winter and highest (32.2±0.49) in spring. Loin and 
sirloin cuts had the lowest docosapentaenoic and 
linoleic acids. These fatty acids have a cholesterol 
reducing effect, a desirable characteristic for health-
conscious consumers. Fatty acid profiles and 
physico-chemical quality of mutton were 
significantly affected by season and meat portion and 
not necessarily by the locality and class of shop. 




Physico-chemical characteristics are important 
determinants of meat quality and its acceptability 
by consumers. Among the physical and chemical 
attributes of meat, ultimate pH gives a good 
indicator of meat colour. Other physical attributes 
include tenderness, colour, cooking loss, flavour 
and juiciness of the meat. At the point of purchase, 
the red colour appeal of meat is important to 
consumers as it denotes freshness and quality [1]. 
The marketability or volume of meat sales from 
display shelves depends on immediate visual meat 
quality and subsequent on-plate-on-palate feeling. 
The critical points of appraisal of meat quality also 
encompass views on healthiness, price and the 
combination of the aforementioned factors 
influences the decision to repurchase. Meat is 
expected to have a desirable colour that is uniform 
throughout the entire cut. However, the surface of 
meat changes from red to brown during retail 
display due to the formation of metmyoglobin [2] 
and other individual factors prior to purchase [3]. 
This, in a way reflects changes in pH, overall 
flavour, tenderness, cooking loss and juiciness of 
the meat. In a study by [4], the place of purchase 
was ranked highly in assessing quality of meat in 
the shop. [3] also found that consumers perceived 
the place of purchase as a crucial quality cue, with 
health conscious consumers preferring meat from 
upmarket shops. Therefore, it is important to 
determine if the place where consumers purchase 
meat and season have an effect on colour, cooking 
loss and tenderness of the mutton cuts. It should be 
kept in mind that fatty acids form an important 
integral part of meat quality. The objective of this 
study was to determine factors that affect the 
physico-chemical attributes and fatty acid profiles 
of mutton cuts from different retailer type in South 
Africa. 
 
II. MATERIALS AND METHODS 
 
Study site  
The study was conducted in five municipalities 
situated in the Eastern Cape Province of South 
Africa. Selected areas were categorized based on 
population concentration and grouped into urban 
(high population density) and rural (low population 
density). 
 
Table 1. Least square mean values (± s.e) for colour, pH, 
tenderness and cooking loss of mutton from different place 
of purchase 
Parameter Urban Rural Significan
ce level 
N 265 245  
Lightness (L*) 28.6 ± 0.42 28.8 ± 0.50 NS 
Redness (a*) 16.6 ± 0.68 15.1 ± 0.81 NS 
Yellow (b*) 11.0 ± 0.13 10.8 ± 0.16 NS 
pH 6.0  ± 0.02 6.0  ± 0.02 NS 
WBSF (N) 19.2 ± 0.45 19.6 ± 0.54 NS 
Cooking loss%  35.0 ± 0.68a 32.0 ± 0.81b ** 
abMeans in the same row with different superscripts are 
significantly different (p < 0.05) 
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Animal management  
 
Five hundred and ten samples were collected in 
four seasons i.e. summer (126 samples), autumn 
(132), winter (112) and spring (140). Each sample 
was made up of the seven cuts/portions; chump, leg, 
loin, rib, shoulder, brisket chops, trotters. Each 
sample’s portion/cut was divided into two equal 
parts. One part was immediately used for point of 
purchase determination of colour (L*, a* and b*), 
pH, cooking loss and tenderness. The other part 
was immediately delivered to the laboratory in a 
cooler box containing ice at ≤ 4oC and stored at -
20oC. Total lipids from muscle samples were 
quantitatively extracted, according to the method of 
[5] using chloroform and methanol in a ratio of 2:1.  
 
Statistical analysis 
Physico-chemical meat quality parameters (pH, L*, 
a* and b*, cooking loss, WBSF values), individual 
and group fatty acids were analysed. A randomised 
complete block design was used and analysis of 
variance (ANOVA) was done using PROC GLM 
in SAS (2011).The following model was used; Yijkl 
= µ + Mi + Pj + Sk + Eijkl. 
 
III. RESULTS AND DISCUSSION 
 
Effect of place of purchase on physico-chemical 
attributes of mutton 
According to [3] it is imperative for the meat 
industry to have knowledge on what quality cues 
consumers use when purchasing meat and how 
they can use this information to remain use 
intrinsic cues such as colour and extrinsic cues 
such as quality assurance, place of purchase and 
price. Place of purchase was ranked as the most 
competitive. At the point of purchase consumers  
 
important in assessing meat quality in the shop 
[4] and [3] followed by colour. In this study, 
there were no significant differences on L*, a*, 
b* values, pH, and tenderness of the meat that 
was bought from urban and rural shops (Table 1). 
This can be attributed to good meat handling 
practices within the industry especially when 
meat is fresh. However, observed differences in 
cooking losses may be as a result of differences 
in storage environment and shelf time.  
 
Effect of season on physico-chemical attributes 
Results of seasonal effects on physico-chemical 
attributes are presented in Table 2. There were 
significant seasonal effects (P < 0.05) on the L*, 
tenderness, pH and cooking loss of meat. 
However, b* and a* values of the meat were not 
affected by season. The pH was higher in winter 
and autumn and lower in summer and spring. 
These results were also reported by [7] in light 
lambs and could be due to high glycogen levels 
in muscles which is influenced by the fat-content 
of the feeding regime. The L* values for meat 
purchased in winter were the lowest, showing a 
darker colour. This could be a result of pre-
slaughter cold stress as the meat had high 
ultimate pH, low L* values and dark colour. This 
is in line with results by [8] where mutton 
samples taken in the cold, wet season were 
darker than meat samples from hot, wet season. 
According to [9], high ultimate pH values are 
usually associated with dark cuttings. Mutton 
samples purchased in winter also had the highest 
values of WBSF values.  
 
Table 2. Least square mean values (± s.e) for colour (L*, a* and b*), pH, tenderness and cooking loss of mutton in 
different seasons 
 Season 
 Spring Summer Autumn Winter 
N 140 126 132 112 
Lightness (L*) 32.2±0.49a 26.9±0.49b 26.8 ±0.47b 24.7±0.49c 
Redness (a*) 17.8±0.85 14.8±0.86 15.3±0.81 15.9±0.86 
Yellowness (b*) 10.8±0.19 10.9±0.19 11.1±0.19 10.7±0.19 
 pH 5.9±0.02c 5.9±0.02c 6.2±0.02b 6.4±0.02a 
WBSF (N) 17.7±0.65c 20.7±0.66 ab 19.7±0.63b 21.2±0.66a 
Cooking Loss (%) 28.8 ±0.88d 35.2±0.89b 37.5±0.85a 30.7±0.89c 
a bcdMeans in the same row without the same superscripts are significantly different (p < 0.05) 
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Meat samples bought in summer and in autumn 
had the highest percentages of cooking loss. 
During hot seasons temperatures are high and 
may result in higher thawing loss and cooking 
losses. The pH of mutton samples purchased in 
winter and autumn in this study were between 
6.2 and 6.4. According to [9], higher pH (> 5.8) 
leads to undesirable meat colour which is 
unattractive to consumers. 
 
Effect of season on physico-chemical attributes 
Results of seasonal effects on physico-chemical 
attributes are presented in Table 2. There were 
significant seasonal effects (P < 0.05) on the L*, 
tenderness, pH and cooking loss of meat. However, 
b* and a* values of the meat were not affected by 
season. The pH was higher in winter and autumn 
and lower in summer and spring. These results 
were also reported by [7] in light lambs and could 
be due to high glycogen levels in muscles which is 
influenced by the fat-content of the feeding regime. 
The L* values for meat purchased in winter were 
the lowest, showing a darker colour. This could be 
a result of pre-slaughter cold stress as the meat had 
high ultimate pH, low L* values and dark colour. 
This is in line with results by [8] where mutton 
samples taken in the cold, wet season were darker 
than meat samples from hot, wet season. According 
to [9], high ultimate pH values are usually 
associated with dark cuttings. Mutton samples 
purchased in winter also had the highest values of 
WBSF values. Meat samples bought in summer 
and in autumn had the highest percentages of 
cooking loss. During hot seasons temperatures are 
high and may result in higher thawing loss and 
cooking losses. 
 
The pH of mutton samples purchased in winter and 
autumn in this study were between 6.2 and 6.4. 
According to [9], higher pH (> 5.8) leads to 
undesirable meat colour which is unattractive to 
consumers. 
 
Effect of cut/portion on physico- chemical 
attributes 
There were significant differences between the 
different meat cuts in terms of colour, pH, 
tenderness and cooking loss (Table 3). Higher 
values of cooking loss and lower values of 
WBSF were observed in the trotter, leg chop, and 
chump. Trotters had higher values of L*, a* and 
b* values and pH compared to other meat parts 
followed by the chump. The loin had the lowest 
a* and L*values. The rib and sirloin chops had 
lowest WBSF values, indicating that they were 
softer as compared to other meat parts with rib 
being tougher. Rib chops had the lowest 
percentage values of cooking loss. Ribs are made 
up of less muscle fibre than other cuts. The 
differences in physico-chemical attributes 
correspond to differences in muscle type and 
pigmentation between abdominal, pectoral, 
pelvic and thoracic mutton cuts. According to 
[9], meat ultimate pH is widely used as an 
indicator of meat quality and carcasses are often 
categorised according to pH. Briefly, low pHu 
meat (pHu < 5.8) is most ideal with regards to 
consumer acceptability and palatability and high 
pHu meat (pHu 6.2) is darker in appearance and 
more susceptible to microbial spoilage. High pH 
also affects colour and meat tenderness [9].  
Table 3. Least square mean values (± s.e) for colour, pH, tenderness and cooking loss of mutton from different 
cut/portion 




N 510 510 510 510 510 510 
Brisketk 25.2±1.26c 15.6±0.62c 10.8±0.49cd 6.1±0.05b 22.8±1.68bc 31.9±1.98d 
Chump 28.9±1.35a 15.0±0.67c 11.4±0.53c 6.2±0.06a 19.9±1.79d 35.1±2.13c 
Leg 26.1±0.54b 15.8±0.35bc 10.9±0.21c 6.1±0.02b 19.2±0.72de 36.6±0.85bc 
Loin 24.9±1.08d 14.7±0.53de 11.8±0.42bc 6.1±0.05b 21.5±1.43c 34.1±1.69c 
Rib 25.1±0.71c 15.9±0.35b 10.4±0.28e 6.2±0.03a 18.9±0.94e 30.9±1.12d 
Shoulder 26.9±0.59b 15.1±0.29c 10.9±0.23c 6.2±0.03ab 21.2±0.79c 34.0±0.93cd 
Sirloin 25.3±1.60c 17.4±0.79a 10.5±0.63e 5.9±0.07c 18.9±2.13e 34.8±2.53c 
Trotter 30.4±2.78a 30.4±2.78a 13.1±1.08a 6.3±0.12a 24.9±2.15b 39.5±4.38ab 
abcdMeans in the same column with different superscripts are significantly different (p < 0.05) 
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The pH in mutton is expected to range between 
5.75 and 6.00. Therefore, the observed pH in 
current study ranging from 5.9-6.3 could be 
considered higher and unacceptable. Winter 
season was observed with high pH (6.4) values 
and high tenderness values. Meat tenderness has 
been reported to be related to ultimate (pHu) 




Place of purchase did not affect meat quality 
attributes and cannot be used as a good indicator of 
meat quality. However, season and meat cut/ 
portion effect meat quality and fatty acid profiles 
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Table 4. Effect of cut/portion on fatty acid profile of mutton 
 Brisket Chump Shoulder Leg Loin Rib Sirloin Trotter 
N 510 510 510 510 510 510 510 510 
Vaccenic  1.1±0.07ab 1.3±0.05b 1.2±0.03ab 1.3±0.04b 1.2±0.05ab 1.2±0.04ab 1.0±0.09a 1.2±0.10ab 
Linoleic  4.4±0.47b 4.3±0.31b 4.6±0.22bc 4.8±0.24bc 3.3±0.32ab 5.1±0.27c 2.7±0.61a 4.3±0.59b 
CLA 0.5±0.05ab 0.6 ±0.03b 0.5±0.02a 0.5±0.02a 0.5 ±0.03a 0.5 ±0.03a 0.5±0.06ab 0.5±0.06ab 
α-Linolenic   1.5±0.16b 1.2±0.10a 1.3±0.07ab 1.4±0.08b 1.3±0.11ab 1.9±0.09c 1.3±0.20ab 1.3±0.20ab 
Arachidic 0.1±0.01 0.1±0.01 0.1±0.01 0.1±0.01 0.1±0.01 0.1±0.01 0.1±0.02 0.1±0.02 
Eicosatrienoic 0.1±0.09 0.1±0.10 0.1±0.12 0.1±0.12 0.1±0.07 0.1±0.13 0.1±0.10 0.1±0.09 
Heneicosanoic 0.1±0.01 0.1±0.01 0.1±0.01 0.1±0.01 0.1±0.01 0.1±0.01 0.1±0.01 0.1±0.01 






0.4±0.06b 0.3±0.04ab 0.4±0.03b 0.4±0.03b 0.3±0.04ab 0.6±0.03c 0.2±0.08a 0.3±0.07ab 
Docosahexanoi
c 
0.1±0.03a 0.1±0.02a 0.1±0.01a 0.2±0.02b 0.1±0.02a 0.2±0.02b 0.2±0.07b 0.1±0.04a 
 
abcdLeast square mean values in the same row with different superscripts differ (p <0.05); CLA= conjugated linoleic acid 
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Abstract – The aim of this study was to evaluate the 
effects of different carotenoids present in tilapia fish 
(Oreochromus niloticus) feed on the color and the 
carotenoid content of the fillets. Nine hundred sixty 
tilapia fish weighing 20 – 40 g were randomly 
distributed in 24 tanks to receive the experimental 
diets during 80 days. The treatments consisted of six 
diets, as follows: one diet without any carotenoid, as 
the negative control (T1), one diet containing 
astaxanthin (T2) and four diets containing different 
concentrations of bacterial Rubrivivax gelatinosus 
biomass (T3, T4, T5 and T6), in which the main 
carotenoids are spirilloxanthin, spheroidene and 
hidroxyspheroidene. Color was measured 
objectively in the CIELab space and the carotenoids 
were extracted with solvents and estimated from the 
absorbance of the final solution. Except the 
treatment with 175 mg/kg of bacterial biomass (T3), 
the other treatments provided higher redness to 
flesh color than negative control. All treatments 
containing carotenoids provided higher carotenoids 
contents in the fillets than the negative control group. 
It was concluded that both the synthetic astaxanthin 
and R. gelatinosus biomass added into tilapia fish 
diets were able to increase the carotenoids 




The appearance of a food item plays a role in 
consumer evaluation and, hence, choice. For 
food, color is ranked alongside freshness as one 
of the main criteria governing selection (1). The 
distinctive red color of some fish makes them an 
option besides white fish, so adding value to the 
product and creating a trend in market (2). In 
farmed fish, the restriction to krill and 
phytoplankton prevents flesh to reach the red-
pink color as seen in fish living in wilderness (3). 
Since the color of the muscle is such an 
important quality attribute, carotenoids are used 
as colorants to provide pigmentation for farmed 
fish (3, 4). Besides their role as colorants in food, 
some carotenoids may also have antioxidant 
properties, preventing the deterioration caused 
by rancidity in food products (5). Moreover, 
some authors claim for positive effects on 
human health due to the ingestion of carotenoids, 
like the pro vitamin A role (6), the influence in 
the immune response (1, 7, 8), and the anti-
cancer and anti-coronary disease activities (9, 
10).  
Currently, carotenoids may be obtained from 
multistep chemical synthesis or from solvent-
based extraction procedures from natural sources 
like plants, yeasts, molds, algae and bacteria (4, 
11). Synthetic astaxanthin is widely used in 
aquaculture since it shows good ability to 
deposit in the skin, muscles, gonads and eggs of 
fish (12). Nevertheless, the market for natural 
colorants has been showing an increasing 
importance due to the restriction to artificial 
additives in foods (13). In this scenery, 
carotenoids produced by Rubrivivax gelatinosus, 
a phototrophic bacterium with the ability to 
grow in industrial liquid byproducts (14, 15), 
appear as an alternative for the use of synthetic 
colorants.  
Although color is a feature for salmonids, this 
study was conducted with tilapia (Oreochromus 
niloticus) due to the ease of farming this kind of 
fish in Brazil. However, the production of red 
tilapia flesh might aggregate value to the product 
and provide another option for consumers, so 
representing a new trend in market.  
The aim of this study was to evaluate the effects 
of different colorants present in tilapia fish feed 
on the color and the carotenoid content of fillets. 
 
II. MATERIALS AND METHODS 
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Experimental design, treatments and fish 
farming  
A completely randomized design with six 
treatments and four replicates was adopted for 
the study. Nine hundred sixty tilapia fish 
(Oreochromus niloticus) weighing 20 – 40 g 
were randomly distributed in 24 tanks to receive 
the experimental diets. The treatments consisted 
of six diets, as follows: one diet without any 
carotenoids as the negative control (T1), one diet 
containing astaxanthin 10% (Carophyll Pink, T2) 
and four diets containing R. gelatinosus biomass 
(with spirilloxanthin, spheroidene and 
hidroxyspheroidene as the main oxycarotenoids) 
at different concentrations (T3, T4, T5 and T6), 
according to Table 1. The bacterial biomass 
contained 57% protein, 11% lipids, 4% minerals 
and 3 mg oxycarotenoids per gram and was 
grown in the fish industry effluent (16). 
Feeding was performed thrice a day during the 
trial, which lasted for 80 days. During the 
experimental period, residues deposited in the 
bottom of the tanks were removed by siphoning 
once a week and the water quality parameters 
(pH, dissolved oxygen, nitrate, ammonia, 
chlorine) were monitored every two days. Proper 
aeration was ensured by using an air compressor 
and temperature was maintained at 28ºC. At the 
end of the experiment, fishes were stunned in a 
benzocaine solution, slaughtered by sectioning 
the gills and cut in fillets for the analyses.    
 
Color assessment 
The objective color (L - lightness, a - redness, b 
- yellowness) was assessed on the central point  
 
Table 1. Treatments of the experiment 
 
Treatment Diets 
T1 Basal diet 
T2  
Basal diet + Carophyll Pink 
(350 mg/kg) 
T3 
Basal diet + R. gelatinosus biomass 
(175 mg/kg) 
T4 
Basal diet + R. gelatinosus biomass 
(350 mg/kg) 
T5 
Basal diet + R. gelatinosus biomass 
(700 mg/kg) 
T6 




Fig. 1. Central point of the medial side of fresh fillets 
 
of the medial side of fresh fillets (Figure 1) with 
a portable colorimeter MiniScan XE Plus 
(Hunterlab) previously standardized with black 
and white tiles, using illuminant D65 and 10º for 
the observer angle. Three consecutive 
measurements were performed for obtaining the 
average of color attributes. 
 
Carotenoid concentration 
Fresh fillets were frozen at - 30 °C and then 
lyophilized in a vacuum chamber during 48 h. 
The powdered flesh used to asses on carotenoid 
concentration was obtained by grinding the 
lyophilized samples with a mortar and a pestle. 
For the carotenoids extraction, 1 mL DMSO was 
added to 0.1 g of the powdered flesh in 
Eppendorf tubes, followed by vortexing for 10 s 
and sonication in a 40 °C water bath for 15 min. 
Next, 500 L acetone was added and the 
contents were again vortexed for 10 s and 
centrifuged at 400 x g for 4 min. For the phase 
separation, the extract was transferred to another 
tube and added of 500 L diethyl ether and 250 
L deionized water. The upper phase was 
transferred to another tube and dried under N2 
stream. Saponification was performed overnight 
with 200 L 6% KOH:ethanol (1:9), followed 
by another partition with diethyl ether and 
deionized water and final drying with N2. For 
the carotenoid quantification, the dried extract 
was diluted in 2 mL ethanol and the absorbance 
was read in spectrophotometer at 475 nm. 
Extinction coefficient 2500 was used for the 
calculations and the carotenoids in powdered 
flesh of tilapia fish were expressed as total 
carotenoids, in mg/kg.  
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Statistical analyses 
Data on color and carotenoids concentrations 
were analyzed by ANOVA and Tukey´s test to 
check on differences between means. Data were 
analyzed by the Action Supplement procedures 
of Excel. All statements of significance were 
based on P < 0.05. 
 
III. RESULTS AND DISCUSSION 
 
Table 2 shows the results for the objective color 
of tilapia fillets. Lightness and yellowness were 
not significantly influenced by treatments (P = 
0.3072 and P = 0.4480, respectively) whist the 
other treatments with carotenoids (except T3), 
provided higher redness to flesh color than 
negative control.  
According to Diler et al. (17), diets for farmed 
fish must be supplemented with either natural or 
synthetic pigments not to be rejected by 
consumers due to the pale and greyish colors of 
their flesh. Results found in this study certify the 
ability of astaxanthin and R. gelatinosus biomass 
to provide redness improvement in farmed fish. 
Other authors had already found an increase in 
trouts pigmentation due to the use of synthetic 
astaxanthin in the diets (18, 19). Nevertheless, 
although R. gelatinosus biomass had already 
been tested for improving broilers meat color 
(20), this was the first time it was used as a 
colorant for fish feeding, what renders the 
results presented herein very relevant. So, it was 
shown that dosages around 370 mg biomass/kg 
feed and above are necessary to increase redness 
in tilapia muscles, providing a values similar to 
those provided by the synthetic pigment.  
Table 3 shows the concentration of carotenoids 
in the fillets.  From  that  it can be seen that in all  
 
Table 2. Color attributes for tilapia fish fillets 
 
 Color attribute* 
Treatment L  A B 
T1 52.25 ± 0.40a 1.21 ± 0.26b 10.95 ± 0.77a 
T2 51.84 ± 2.34a 2.48 ± 0.26a 11.37 ± 0.41a 
T3 50.68 ± 1.46a 1.37 ± 0.17b 10.87 ± 0.19a 
T4 51.85 ± 0.53a 2.08 ± 0.31a 10.52 ± 1.41a 
T5 50.89 ± 0.98a 2.66 ± 0.31a 12.01 ± 2.21a 
T6 50.18 ± 1.80a 2.49 ± 0.30a 11.88 ± 0.85a 
CV 1.58 30.25 5.25 
P 0.3072 >0.0001 0.4480 
* Means followed by different letters in the column are 
significantly different (P < 0.05) 
Table 3. Carotenoid concentration (mg/kg) in tilapia 
fish fillets 
 
Treatment Carotenoid concentration 
(mg/kg)* 
T1 3.3 ± 0.41b 
T2 5.7 ± 0.16a 
T3 5.3 ± 0.21a 
T4 5.3 ± 0.22a 
T5 5.7 ± 0.90a 
T6 5.8 ± 0.54a 
CV 18.58 
P >0.0001 
* Means followed by different letters are significantly 
different (P < 0.05) 
 
the treatments with colorants, the carotenoid 
contents were higher than for the negative 
control group (P<0.05). Some other authors also 
found the deposition of carotenoids from diets in 
fish fillets (18, 19, 21, 22). However, in this 
study, there seemed to be a saturation effect for 
the deposition of these substances in muscles 
since, regardless of the type and the quantity 
administered, the amounts of carotenoids found 
in the flesh were the same. That means that the 
carotenoids in R. gelatinosus biomass have the 
same ability as astaxanthin to deposit in muscles. 
These are very promising results since the 
frequent consumption of fish fed carotenoids 
might work as a carotenoid supplementation and 
so bring beneficial effects to human health.  
The results found in this study show that R. 
gelatinosus biomass may find a role as a 
pigmenting additive for tilapia fish and so be 





Both the synthetic astaxanthin and the R. 
gelatinosus biomass added into tilapia fish diets 
increased the carotenoids concentration and the 
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Abstract. The increase of C18:3 n-3 (ALA) deposits in 
meat is sought after in order to improve the nutritional 
quality of meat products. The reported studies are an 
assessment of what has been carried out with the broiler 
and the rabbit, by adding increasing quantities of ALA 
to the feed. It is equally important to preserve these fatty 
acids (FA) from peroxidation. The effectiveness of plant 
antioxidants (PA) was tested. The chickens received 
isolipidic diets providing 0.55 g, 0.91 g or 6.05 g of 
ALA/kg of feed. The ALA deposit in the meat relates to 
the addition in the diet. The rabbits received a standard 
diet (5.9 g ALA/ kg) or diets enriched with ALA (9.2 
g/kg) and more or less of plant antioxidants (batch T, PA 
and PA+). The ALA contents are 602, 850 and 868 
mg/100g of meat (p<0.001). The malondialdehyde values 
are 225, 285 and 224 nM (p<0.001). The different meats 
were subjected to sensorial analysis which did not 
identify any differences of perception between the feed 
treatments. These studies therefore show the 
effectiveness of n-3 fatty acid deposits and the interest of 
PA in the animal’s diet. 
 
I. INTRODUCTION  
Supplementation of diets with unsaturated fatty acids 
(FA), in particular those of the n-3 family, improves 
the nutritional quality of the meat of most animal 
species (1). These unsaturated FA can have increased 
risks of peroxidation, which spoils the sensorial 
qualities of the meat (2). The addition of antioxidants 
such as vitamin E or polyphenols to the feed reduces 
the peroxidation of the fatty acids in the meat (3). The 
aim of this study is i) to assess the variability of n-6 
and n-3 fatty acid deposits in the meat according to the 
value of the C18:2 n-6 (LA) and C18:3 n-3 (ALA) 
precursor ratio and ii) to determine the impact of 
adding plant antioxidants (PA) together with an 
introduction of n-3 fatty acids, on peroxidation of these 
fatty acids.  
The studies are carried out on rabbit and poultry meat 
which are meats which have a positive image with the 
consumer because of their good nutritional qualities. A 
sensorial analysis will complement the nutritional 
parameters studied. 
 
II. MATERIALS AND METHODS 
 
a) Study of the broiler (“Label” breed) 
Label-Rouge broilers, divided into 3 batches, from 65 
to 91 days of age received isolipidic (3.2 %) and 
isoproteic diets containing fatty acids whose LA/ALA 
ratio value was 23, 10 and 2 (i.e. diets D23; D10; D2). 
The range of this ratio from 10 to 13 corresponds to 
standard feed; the range from 20 to 23 corresponds to 
an incorporation of maize or sunflower and that of 2 to 
an incorporation of linseed. All these diets form part of 
livestock practices. The LA and ALA contents (in g/kg 
of feed) are respectively 12.6 and 0.55 for D23, 9.4 
and 0.91 for D10 and 12.2 and 6.05 for D2. All the 
diets are supplemented with vitamin E (31 ppm) 
associated with PA (4 mg/kg of equivalent gallic acid). 
At slaughter, the breasts and thighs are sampled. The 
skin of the breast is split open. The samples were 
vacuum-packed and frozen at -18° in preparation for 
measurements. 
 
b) Study of the rabbit 
42 young Hyplus strain rabbits aged 36 days were 
divided into 3 batches according to their original litter 
and weaning weight and raised in individual cages 
until 73 days of age. The average weight of the rabbits 
was 1087, 1643 and 2714 g respectively at 36, 50 and 
73 days (non-significant diet effect).  
The 3 batches received 3 different diets from 50 to 73 
days, with the same rationing plan: a standard diet as 
control (T), and 2 other diets supplemented with an 
equivalent quantity of C18:3 n-3 (ALA) as extruded 
linseed (GLE). The PA0 diet contained no added PA 
whilst batch PA+ contained PA (80 mg/kg of 
equivalent gallic acid), associated with 50 ppm of 
vitamin E (vs 15 for the control). The percentage of 
ALA in the diets was respectively 20.3, 25.1 and 25.3 
% and the content in g/kg of feed was 5.99, 9.29, and 
9.14. 
At slaughter, the carcasses were weighed and split into 
two parts. On one part, all of the meat was collected 
and the other half was cut up into legs, shoulders and 
back. The samples were vacuum-packed and frozen at 
-18° in preparation for measurements. 
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c) Measurements 
The measurements are identical for the meats of the 
two species. The lipids were extracted from all the 
samples taken according to the method of (4) Folch et 
al. (1957) using a methanol chloroform mixture. The 
fatty acid profile of the meat was determined by Gas 
Phase Chromatography, after saponification and 
methylation of the total lipids (5). 
The peroxidation potential was measured according to 
the TBARS method (2-thiobarbituric acid-reactive 
substances) by the spectrophotometric method after 
forced oxidation, described by Oriani et al. (6). 
The results were subjected to a statistical treatment of 
global variance analysis (GLM procedure with SAS 
software). The means per batch were then compared 2 
by 2 according to the Bonferroni test. The significance 
threshold was fixed at 5%.  
 
d) Sensorial analysis 
The cooking was adapted to the nature of the pieces 
either in the oven in a moist heat at 100°C, in an 
individual vacuum sachet during 30 minutes, or in a 
dry heat at 250°C, then in a moist heat at 100°C. The 
end-of-cooking temperatures were 80°C. 
For each type of cut a sensory profile was carried out 
by a trained panel of 12 people, who had had a training 
session beforehand. The samples were presented in a 
monadic procedure (one by one), in only one sitting. 
Each taster assessed the criteria previously defined on 
a limited continuous scale going from 0 (nil intensity 
of the descriptor) to 10 (maximum intensity). 
A variance analysis, followed by a Tukey test (at the 
5% threshold) of comparison of means was carried out 
on the individual data, as well as a Friedman rank test. 
 
III. RESULTS AND DISCUSSION 
 
a) Study of the broiler meat 
The lipid contents in the breast meat (1.30 to 1.45 %) 
and in the thigh (9.3 to 10.5 %) are not affected by the 
diets. The percentages of LA in chicken breasts D2, 
D10, D23 are 17.9 %; 19.5 and 18.5 (p<0.03) and in 
the thigh 18.9; 19.1; 19.8 (p<0.08). For ALA the 
values are 4.1; 0.95; 0.69 in the breast (p<0,001) and 
5.8; 1.3 and 0.9 in the thigh (p<0,001). The   LA/ALA 
ratios are 4.4; 20.7 and 27.4 in the breast meat and 3.2; 
15.0 and 22.1 in the thigh. The relationship between 
ingested fatty acids and deposited fatty acids is found. 
This is expressed in terms of ALA content in the thigh 
by values between 70 mg to 475 mg /100g of meat 
depending on diet composition (fig 1). So the variation 
is very great in the consumer’s plate. The long chain 
fatty acid contents, such as C22:6 n-3 (DHA), increase 
with the diet providing the most ALA (0.19 % vs 0.07 




Fig. 1. ALA contents in the breast meat and the thigh 
according to diets (in ALA mg /100 g of meat) 
 
The sensorial analysis did not reveal any significant 
differences between the meats of the different animals.  
So the highest n-3 fatty acid content does not change 
the overall flavour of the meat in the context of the 
formulation with antioxidant in all the diets. 
 
b) Study of the rabbit meat 
The percentage of n-3 FA and in particular of the ALA 
precursor is significantly higher (p<0.001) in the 
carcass (table 1) or cuts of meat from rabbits receiving 
a diet enriched with extruded linseed. This confirms 
the relation between the animal’s feed and the 
nutritional quality of its meat, as well as the positive 
effect of the n-3 FA in the feed (7). On the other hand, 
among the n-3 derivatives no effect is noted for the 
DHA percentage. For the EPA, an increase is noted for 
the whole carcass and for the shoulder in relation to 
the quantity of ALA ingested. This confirms the low 
capacity for desaturation and elongation of the n-3 FA 
in the rabbit (8). 
 
Table 1 FA composition of the whole carcass (in % of 
identified FA) 
 
 T PA0 PA+ Rsd Effect 
Lip % 8,12 8,64 8,62 1,17 NS 
SFA 30,47a 28,62b 28,28b 0,72 P<0,004 
MUFA 34,93a 33,80b 33,58b 1,56 P<0,001 
PUFA 34,59a 37,57b 38,14b 1,05 P<0,001 
LA 23,29 23,41 23,55 0,02 NS 
ALA 9,41a 12,31b 12,69b 0,58 P<0,001 
EPA 0,05 0,07 0,08 0,03 P<0,07 
DPA 0,23 0,28 0,30 0,07 P<0,07 
DHA 0,02 0,01 0,01 0,02 NS 
LA/ALA 2,48a 1,91b 1,86b 0,07 P<0,001 
LA: C18:2 n-6 ; ALA: C18:3 n-3 ; EPA: C20:5 n-3 ;  
DPA: C22:5 n-3 ; DHA: C22:6 n-3. 
 
On the other hand, ALA’s content is significantly 
higher (p<0.001) in all the animals receiving diets 
supplemented with linseed. What is more, this content 
is in relation with the lipid content of the cut of meat 
and the higher it is, the greater the n-3 deposit will be. 
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have the lowest quantity of ALA, even in animals 
receiving linseed supplementation.  
 
 
Fig. 2. Comparison of ALA contents (mg/100 g of meat) 
according to diets 
 
The peroxidation was measured for all the cuts. It will 
only be recorded for the carcass, as all the results go in 
the same direction. The FA peroxidation is higher in 
rabbits receiving linseed, but the PA input in the diet 
makes it possible to reduce the appearance of MDA, a 
marker of fatty acid oxidation (fig 3). The differences 




Fig. 3. Comparison of the FA peroxidation  
(µM MDA/100 g of meat) in the carcass 
 
The sensorial analysis did not show any significant 
difference between the pieces of meat tasted. The 
overall flavour of the meat was not changed with the 
addition of linseed to the feed. This certainly comes 
from the fact that the quantities of linseed in the feed 
are not high. However this addition makes it possible 
to increase the ALA content by more than 30 % and 
the presence of the PA reduces the peroxidation to a 
level comparable to the control meat.  
This study therefore confirms the interest of n-3 fatty 
acids in feed to improve the nutritional quality of the 
meat and the importance of PA to reduce FA 




The addition of n-3 fatty acids to rabbit or broiler feed 
increases in particular the deposit of these fatty acids 
in the meat, which will have positive effects for human 
health. The nutritional quality is improved and at the 
same time the sensorial quality is not modified 
whatever the cut of meat. The production of MDA, a 
fatty acid peroxidation marker, is reduced with the 
presence of PA. This study therefore confirmed the 
interest of adding plant antioxidants in the diet of these 
animals. 
All that remains now is to find a balance between the 
economic aspect of this production and the image of 
enhanced value that it may have with consumers and 
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Abstract. The introduction into pig feed of lipids high in 
n-3 fatty acids (FA) makes it possible to increase the 
proportion of these FA in the meat. The combined 
addition to the feed of vitamin E and plant antioxidants 
(PA) reduces risks of unsaturated fatty acid peroxidation 
in the meat. The aim of this work will be to quantify the 
peroxidation of the fatty acids in dry cured hams from 
animals between 50 and 110 kg of body weight receiving 
n-3 FA (7.5 g C18:3 n-3 and 80 mg of vitamin E /kg of 
feed) with more or less PA: 2kg/t feed for 2 months 
(batch PA2) or 4kg/t for the last 10 days (batch PA4) and 
one batch without any PA. With the PA input, the 
quantity of malondialdehyde (MDA), a marker of fatty 
acid peroxidation, decreases in the fatty tissue of the 
ham (p<0.05) and in the lean (p<0.005). The effect on 
peroxidation reduction is identical between PA2 and 
PA4. It therefore appears that the PA input into feed for 
a short period (10 days) makes it possible to reduce FA 
peroxidation as effectively as throughout the whole 
duration of the C18:3 n-3 input. 
 
I. INTRODUCTION  
 
Adding linseed, a source of n-3 fatty acids (FA), to pig 
feed considerably increases the fatty acid content of 
the meat and processed products (1). The nutritional 
value of these products is increased not only by the 
presence of these n-3 fatty acids, judged to be good for 
health, but also very often, by a reduction in saturated 
fatty acids (SFA) (2). The addition of vitamin E and 
plant antioxidants (PA) to the feed greatly reduces the 
risk of peroxidation of polyunsaturated fatty acids 
(PUFA) and preserves the sensorial qualities of dry 
cured products enriched with FA n-3(3).  
The PAs (very often polyphenols) make it possible to 
regenerate the action of vitamin E (4). The first aim of 
the study is to know if the PA should be introduced in 
the feed at the same time that AG n-3. The second is to 
determine if a shorter PA’s distribution time enable to 
protect AG n-3 in processed pork products.  
 
II. MATERIALS AND METHODS 
24 castrated boars, divided into 3 batches of 8, after 
attaining 50 kg of live weight and for a period of 2 
months, received an identical diet enriched in FA n-3 
via the introduction of extruded linseed (Tradi-Lin®). 
The overall lipid content was 3.6 % providing 7.5 g of 
C18:3 n-3 (ALA) / kg of feed and 80 ppm of vitamin 
E. One batch received this diet with no PA addition 
(batch PA0). Another batch received this diet 
supplemented with PA (2kg/ tonne of feed; batch 
PA2). The last batch received the PA0 diet for 50 days 
then a diet containing PA (4kg/tonne) during the last 
10 days before slaughter (batch PA4). The animals in 
individual pens received feed ad libitum with a record 
of consumptions and a weighing each week. At 
slaughter, adipose tissue (AT) was sampled from the 
back for determination of the total lipids and analyses 
of the fatty acids by gas chromatography (GC). Dry 
sausages and dry cured hams were made from the meat 
from these animals. The drying process lasted for 12 
weeks for the sausages and 7 months for the hams. 
Lipids and fatty acid composition were measured on 
the whole sausage, on the whole slice of ham and on 
the lean and the fat of the ham. The fatty acid profile 
was made as well as the measurement of the MDA 
(malondialdehyde, representing the FA peroxidation) 
by HPLC following the protocol reported by Mairesse 
et al, (3). The results are tested by global variance 
analysis with the diet effect as principal factor then 
they are compared in pairs using the Bonferonni test. 
 
III. RESULTS AND DISCUSSION 
a) Fatty acid composition  
The feed consumption and growth performance of the 
pigs are identical among the diets. 
The total lipid content of the adipose tissue of the back 
is 66 % for batches PA0 and PA2 and 70 % for PA4 
(NS effect). The lipid contents of the dry cured 
sausages are 39 % for PA0, 41 % for PA2 and 43 % 
for PA4; these values are not different from each lot 
because of the individual variations. Before drying the 
lipid content was around 20 %.  
The lipid contents in the fat cover of the ham differ 
significantly from each other (p<0.001) with values 
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respectively of 62, 61 and 57 % for PA0, PA2 and 
PA4. This difference is difficult to explain, all the 
more so as the adipose tissue of the back contained 
more lipids in the animals from batch PA4. For the 
lean part, the content is also different (p<0.02) with 
values of 4.7, 4 and 3.6% (p<0.02). 
The FA composition of the backfat (table 1) shows a 
higher PUFA percentage in batch PA4 (p<0.01), as 
well as for C18:3 n-3 (ALA) (p<0.001) and the long 
chain derivatives C22:5 n-3 (DPA) (p<0.05) and the 
C22:6 n-3 (DHA) (p<0.001); PA4 was different from 
the other batches for ALA, DHA and total FA n-3. 
 
Table 1 Effect of diets on the fatty acid composition of the 
backfat (in % of FA identified) 
 
Diet PA0 PA2 PA4 Rsd effects 
SFA 39.91 39.02 38.86 1.54 NS 
MUFA 39.07a 39.96ab 37.50b 1.83 P<0.04 
PUFA 21.02a 21.02a 23.64b 1.87 p<0.01 
C18:2 n-6 12.85a 12.89a 14.45a 1.24 p<0.02 
C18:3 n-3 5.43a 5.49a 6.44b 0.52 p<0.001 
C20:5 n-3 0.11 0.12 0.13 0.03 NS 
C22:5 n-3 0.21a 0.24a 0.26a 0.03 p<0.05 
C22:6 n-3 0.03a 0.03a 0.05b 0.01 p<0.001 
n-3 7.03a 7.06a 8.09b 0.63 p<0.004 
LA / ALA 2.37a 2.35a 2.24a 0.01 p<0.05 
SFA: saturated fatty acid; MUFA: monounsaturated fatty acid; 
PUFA: polyunsaturated fatty acid. By lines, means without 
common letter were significantly affected by dietary treatment 
(p<0.05) 
 
The FA composition of the dry cured sausage at the 
end of the drying process shows a higher percentage in 
C18:2 n-6 and in ALA in batch PA4 (p<0.001) (table 
2). PA4 is also different from PA2. But the effects are 
not demonstrated for the ALA derivatives as was the 
case for the A. 
 
Table 2 Effect of diets on the fatty acid composition of dry 
cured sausages (in % of the FA identified) 
 
Diet PA0 PA2 PA4 Rsd effect 
SFA 36.38 35.56 36.11 1.21 NS 
MUFA 39.00 38.54 37.13 1.79 NS 
PUFA 24.62 25.89 26.76 2.77 NS 
C18:2 n-6 10.52a 10.86a 12.07b 0.44 P<0.001 
C18:3 n-3 4.17a 4.54b 5.01c 0 .17 P<0.001 
C20:5 n-3 0.94 1.38 0.89 0.48 NS 
C22:5 n-3 0.26 0.29 0.30 0.04 NS 
C22:6 n-3 0.03 0.02 0.04 0.02 NS 
n-3 8.85 9.59 9.80 1.42 NS 
LA/ALA 2.53a 2.39b 2.40b 0.03 P<0.001 
 
The percentage of saturated FA is identical in the fat 
cover of the slice of ham of the 3 batches (36% of the 
total FA). That of the PUFA is significantly higher for 
PA4 (p<0.06) with 20 % vs 18 % for PA0 and PA2 
because of the increase of the C18:2 n-6 (p<0.05) and 
of the C18:3 n-3 (p<0.06) in batch PA4.   
On the other hand, expressed in quantity, the ALA 
contents (mg/100g of tissue) are not different between 





Fig. 1. ALA content (mg/100 g of tissue) in the fat cover 
and lean of the ham according to treatments. 
 
b) Measurement of the MDA in the processed 
products 
The quantity of MDA (Fig. 2) found in the dry 
sausages is lower for the batches receiving the PA 
compared to the batch receiving no PA (p<0.01). PA4 
is the batch with the lowest MDA content, but this 
difference is not significantly different from PA2 
because of considerable individual variations between 
the sausages. So the peroxidation is lower whilst the 
percentage of FA n-3 is higher in this batch. 
 
 
Fig. 2. Comparison of the MDA content (µg/g) in the dry 
cured sausages according to the origin of the diets 
 
For the fat tissue in the ham, the MDA content is lower 
in the batches that received PA (p<0.05). For the lean 
part, it is also lower (p<0.005) and the effect is more 
marked, batches PA2 and PA4 being different 
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These results on the processed products confirm the 
interest of enriching high ALA content diets with 
antioxidants (3).The absence of any significant 
difference between the batches with PA shows that the 
effectiveness of these antioxidants regarding FA 
peroxidation is more or less identical. As the quantities 
and duration of distribution were different between 
batches PA2 and PA4, it therefore does not seem 
necessary to provide PA throughout the period when 
the diet was enriched with FA n-3, but simply during 
the last days of the animal’s life. In this study, 10 days 





Fig. 3 MDA content (µg/ g of tissue) in the fat and lean of 





In presence of PUFA in the feed, the addition of PA is 
efficient to reduce peroxidation on pork and processed 
products.  The protective effect demonstrated on dry 
cured products with a short drying period is confirmed 
on products with a moderately long drying process (7 
months). Short-term PA supplementation of the feed 
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Abstract – Meat which is frozen and thawed will 
undergo physical and chemical changes and the rate 
at which meat is frozen could affect quality. Meat is 
frozen to extend shelf-life and take advantage of 
price fluctuations. In this study we compared colour, 
water holding capacity (WHC), drip loss, Warner 
Bratzler Shear Force (WBSF) and sensory attributes 
of fresh and frozen steaks. Twenty one beef loins 
were aged for 14 days, processed into steaks and 
vacuum packed. Three treatment groups namely, 1) 
Fresh (control), 2) Slow frozen (domestic freezer) 
and 3) Quick frozen (blast freezer). Each parameter 
had a sample number of n=21. Both freezing groups 
recorded twice as much thawing loss compared to 
the fresh group (P<0.001). No significant differences 
for WHC were found between any of the groups. 
Frozen samples reflected less light (P=0.049), had 
lower chroma and higher hue angle values and 
higher levels of metmyoglobin compared to the fresh 
samples (P<0.001). Frozen samples also recorded 
lower WBSF (P<0.001) but this was not supported 
by sensory differences. Although frozen meat 
exhibits poorer visual quality and excessive drip 
eating quality should not differ from fresh meat. 
 





The world is becoming more global and the 
distance between the producer and consumer is 
increasing. Freezing is widely used to increase the 
storage life of meat (1). Meat processors also 
freeze meat in an attempt to stabilize the price to 
increase profitability and retailers freeze cuts to 
take advantage of any wholesale price fluctuations 
and have a greater flexibility in inventory (2, 3). 
 
The quality of frozen meat depends on the specific 
procedures used to freeze, store (duration, 
temperature and temperature fluctuations) and 
thaw the meat, as many physical changes happen 
during freezing and thawing (4,5,6). Freezing meat 
damages the cell membranes and results in a lower 
water holding capacity (WHC) (2). Freezing rate 
has an effect on the formation of ice crystals. A 
fast freezing rate leads to the formation of smaller 
ice crystals and therefore less structural damage 
and lower purge, where the opposite is true for 
slower freezing rates (7). The conditions in which 
frozen meat is stored will affect quality as 
temperature fluctuations can lead to ice 
recrystallization resulting in an increase in 
structural damage and purge (5). Frozen meat, due 
to enzymatic reactions which do not cease but 
merely slow down, is prone to deterioration during 
storage, mainly in the form of lipid oxidation and 
protein degradation (8).  Both processes can affect 
the aroma and flavour of the final product. In 
addition, all forms of oxidation are associated with 
one another and therefore both lipid and protein 
oxidation, through the formation of pro-oxidants, 
increase the formation of metmyoglobin (MetMb) 
leading to poorer colour quality in frozen meat (9, 
10). The general consensus is that tenderness 
(WBSF) improves with freezing due to continued 
proteolyses and loss of structural integrity 
(breakdown of myofibrils) as a result of the 
formation of ice crystals and recrystallization (10). 
 
In general, consumers tend to prefer meat which 
has not been frozen as it is perceived to be of a 
lesser quality (11). South African consumers often 
buy fresh meat in bulk and then freeze it at home. 
The aim of this study was to compare shear force, 
drip loss, colour and sensory attributes of frozen 
meat to that of fresh meat as well as investigate the 
differences between 2 freezing rates (commercial 
vs. domestic). 
 
II. MATERIALS AND METHODS 
 
Whole loins (M. longissimus dorsi) were 
collected from 21 carcass sides at a commercial 
deboning plant. Carcasses were electrically 
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stimulated for 20 s with a low voltage ECS-1 
Jarvis stimulator (ECS-1 Jarvis stimulator, 
Output: Rectangular DC wave, 150V, maximum 
amplitude 17Hz, 5ms pulse width, RMS voltage 
below 50V, Jarvis Products Corporation RSA 
(Pty) Ltd).  pH and temperatures of the loin 
muscle  during the course of rigor mortis 
reflected ideal rigor conditions (12) described as 
pH>6 when muscle temperature was above 35 
°C and pH<6 when muscle temperature was 
below 10 °C. In addition all pHu values (18 h) 
were below 5.7. 
 
The loins were vacuum-packed and aged for 14 
days and then processed into 25mm steaks that 
were allocated to three treatment groups namely, 
fresh (FR, used as a control), slow frozen (SF) in 
a domestic freezer for 18h reaching a core 
temperature of -20ºC and quick frozen (QF) in a 
blast freezer for 3h reaching -30ºC (Fig. 1). The 
temperature was monitored by a YCT thermostat 
logger (YC-747UD model, Taiwan, type K 
thermo couple). 
 
Purge (24h in vacuum packaging) and thawing 
loss were determined expressed as a percentage 
of the original weight of the cut. WHC of 
samples was determined using the filter paper 
press method described by Irie et al. (13).  
 
For sensory analyses and WBSF 3 steaks from 
each loin cut were prepared according to an 
 
 
Fig. 1: Temperature profile (T) of slow frozen (SF) 
and quick frozen (QF) samples. 
 
oven-broiling method using direct radiant heat 
(200°C) [14] to an end temperature of 70°C. 
Coded bite size samples from 2 steaks were 
presented to 10 trained panel members to evaluate 
flavour and aroma intensity, juiciness and 3 
aspects of tenderness using an 8-point structured 
category scale with verbal descriptors. WBSF was 
performed on 6 x 12.5 mm (diameter) cores 
removed from the remaining steak after being 
cooled down to room temperature (18°C). 
 
Instrumental colour (CIE: L*a*b*) and 
myoglobin fractions were measured with a 
Konica-Minolta 600d spectrophotometer and 
SpectraMagic NX Pro software package 
(Konica-Minolta, Japan) on 3 random positions 
60 min after steaks were removed from vacuum 
packaging (D65 illuminant, di 8° de 8°, observer 
angle 10°, measurement aperture 8 mm, spectral 
component excluded).  Reflectance was 
measured from 400 to 740 nm in increments of 
10 nm.  The myoglobin fractions MetMb, 
deoxymyoglobin (DeOxyMb) and 
oxymyoglobin (OxyMb) were calculated 
according to Krzywicki [15] using the reflex 
attenuation (log 1/R) at the isobestic points 572, 
525 and 473 nm (calculated by linear 
interpolation), and at 730 nm. Chroma was 
calculated as square root of a*2 + b*2 and hue 
angle was defined as tan-1 (b/a)(16). 
 
Data of WBSF, drip loss, WHC, colour and 
sensory attributes were subjected to analysis of 
variance with freezing method as the main effect 
(17). 
 
III. RESULTS AND DISCUSSION 
 
Both the slow frozen and quick frozen treatments 
recorded twice as much thawing loss compared to 
the drip loss of the fresh samples (P<0.001, Table 
1). This was expected due to the formation of ice 
crystals causing damage to the structure of the 
muscle (2) and was in agreement with findings of 
other trials (11, 18). Our findings however showed 
no significant difference between the two freezing 
rates. This was unexpected as a faster freezing rate 
normally leads to smaller ice crystals and less 
structural damage (7).  However, Ngapo et al. (19) 
reported that initially samples frozen at a faster 
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fresh samples while slow frozen samples had 
increased thawing losses. However after 4 weeks 
storage, the frozen samples recorded higher 
thawing losses compared to the drip loss in fresh 
samples irrespective of initial freezing rates, 
suggesting that recrystallization occurred. In 
addition, there was also no difference in thawing 
loss between samples after 4 weeks storage 
compared to the slow frozen samples with no 
storage, suggesting there is a maximum crystal 
size which is formed. Hansen et al. (20) also 
suggested a storage temperature of -55 ºC would 
be ideal to prevent any changes in quality during 
storage which is significantly lower than the 
conditions our meat was stored at.  In our study 
after reaching their final temperature of -30 °C in 
the blast freezer, the QF samples were stored at -
20 °C for approximately 2 weeks.  This is possibly 
the same practice in commercial processing plants 
and could have caused recrystallization and 
formation of larger ice crystals.   
 
Table 1 Effect of freezing method on meat quality 
FR: fresh, control; QF: quick frozen, blast freezer; SF: 
slow frozen, domestic freezer 
 
Attribute FR QF SF SEM P value 
Moisture:      
Drip/ 
Thaw loss 
1.6a 3.1b 3.1b 0.118 <0.001 
WHC 0.39 0.37 0.38 0.008 0.537 
      
Colour:      
L* 38.5b 36.7a 36.9ab 0.571 0.049 
Chroma 21.0b 18.0a 18.3a 0.413 <0.001 
Hue 42.8a 49.5b 48.7b 0.955 <0.001 
MetMb 17.1a 37.6b 35.0b 1.269 <0.001 
DeOxyMb 20.1 19.3 21.0 0.770 0.299 
OxyMb 62.8b 43.1a 44.0a 1.465 <0.001 
      
WBSF 3.6b 2.7a 2.8a 0.158 <0.001 
      
Sensory:      
Aroma 5.5 5.5 5.5 0.059 0.866 
Juiciness 5.0 4.9 4.9 0.078 0.830 
Flavour 5.1 5.2 5.2 0.058 0.541 
First bite 5.7 6.0 5.6 0.132 0.149 
Overall 
tenderness 
5.6 5.9 5.6 0.126 0.118 
Residue 5.2 5.5 5.2 0.125 0.095 
abc Means with different superscripts are significantly different 
(P < 0.05) 
SEM –standard error of means 
 
Frozen samples showed lower values for L* (less 
light reflected, P=0.049) compared to fresh 
samples and this could be attributed to the samples 
being drier due to the increased drip loss (Table 1). 
Frozen samples had an overall poorer colour 
quality (P<0.001) with a lower chroma value 
(meat a duller colour) and higher levels of MetMb 
(meat a browner colour) accompanied by lower 
levels of OxyMb when compared to the FR 
samples. This is in agreement with the findings of 
Leygonie et al. (21) and can be attributed to an 
increase in pro-oxidants due to lipid and protein 
oxidation (9) and the denaturing of the globin 
moiety myoglobin molecule (4) which occurs 
during freezing and storage. There were no 
significant differences in colour between the 
freezing methods and this could possibly be due to 
the storage time involved. 
 
The two methods of freezing had lower values for 
WBSF (Table 1) and were therefore more tender 
compared to the fresh steaks (P<0.001). This could 
be due to the breakdown of the fibres due to 
structural damage occurring during the formation 
of ice crystals. Lower WBSF values were however 
not supported by higher sensory scores for 
tenderness. Likewise there were no differences for 
any of the other sensory attributes. This is in 
agreement with Muela et al. (22) who found no 
differences in sensory attributes between fresh and 
frozen meat scored by a trained taste panel and 
concluded that consumers should have no 





Freezing meat results in a product that has poorer 
visual quality and excessive drip loss but the 
potential to be more tender than fresh meat. Under 
the conditions of this study, rate of freezing had no 
effect on meat quality although this difference 
could have been negated due to storage time. 
Freezing had no effect on sensory perceptions and 
the eating quality of properly frozen meat, 
domestic or industrial, should therefore not differ 
from fresh meat. Consumer resistance will 
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Abstract – The aim of this work was to study 
consumers’ acceptance of pork with different 
levels of boar taint, in Barcelona (ES, n=126) and 
Reading (UK, n=146). Samples were classified as 
‘Females’, ‘Low boar taint’ (low levels of 
androstenone and skatole), and ‘Medium boar 
taint’ (medium levels of androstenone and skatole). 
In the pooled sample (ES + UK) three segments of 
consumers were identified on the basis of ‘How 
delicious do you find this meat’.  The first segment 
was labelled as ‘pork lovers’ (n=169), the second 
as ‘boar meat lovers’ (n=59) and the third one as 
‘gilt meat lovers’ (n=44). Apart from the ‘pork 
lovers’, this study identified a group of consumers 
that scored better the meat with medium levels of 
boar taint than low levels or meat from gilts, 
suggesting that there is a niche for meat from 




Boar taint is an off-odour and off-flavour of pork 
from some entire male pigs characterized as 
urine-like, pig-like, sweat-like or faecal-like, 
which may result in consumer dissatisfaction [1].  
The main compounds responsible for boar taint 
are androstenone (AND) [2] and skatole (SKA) 
[3] which are accumulated in the fat tissue. 
Many studies have reported the influence of the 
sex of pigs and the levels of AND or SKA on the 
acceptability of pork by consumers [4]. The 
main objective of the present study was to 
evaluate and update the results on sensory 
acceptability of meat from entire male pigs (as 
an alternative to the production of castrates), 
involving two European countries. 
 
II. MATERIALS AND METHODS 
 
Classification of consumers: 
 
A total of 272 consumers participated in a study 
carried out in two European countries: Barcelona 
(BCN; Spain; N= 126) and Reading (RE; United 
Kingdom, N= 146). Consumers were stratified 
by age (according to each country profile) and 
gender (approximately 50:50 ratio between men 
and women). 
 
Meat sampling and preparation: 
 
The meat used for the sensory evaluation was 
obtained from conventional pig crossbreeds. 
Samples from boars and gilts were collected in 
commercial Spanish abattoirs. The meat used for 
the sensory evaluation was taken from the 
Longissimus dorsi muscle of commercial entire 
male pigs and females chosen according to the 
concentrations of AND and SKA in the 
subcutaneous fat. Samples were analysed at CCL 
Nutricontrol in the Netherlands. The 
determination of SKA levels was performed 
using HPLC-FLD and the determination of AND 
levels using GC-MS. Results were expressed as 
µg/g, on pure fat basis). Meat samples were 
classified in three groups depending on the sex 
and the levels of boar taint compounds [5]:  
 Females (FE),  
AND < 0.04 ppm pure fat   
SKA = 0.04 ± 0.018 ppm pure fat [0.02-0.07] 
 Low levels of boar taint (LBT): 
AND = 0.20 ±0.07 ppm pure fat [0.04-0.29]  
SKA = 0.06 ± 0.02 ppm pure fat [0.02-0.08] 
 Medium levels of boar taint (MBT): 
AND = 1.07 ±0.40 ppm pure fat [0.58-2.28]  
SKA  = 0.18 ± 0.07 ppm pure fat [0.11-0.39] 
 
For the consumer tests, loins were cut into 0.5 
cm thick slices with 5 mm of subcutaneous fat 
(when it was possible). Each slice was divided in 
two pieces, and cooked using a cooking plate at 
180ºC (which was greased with maize oil). The 
meat was turned upside down regularly until a 
core temperature of 80ºC and the meat was 
salted after cooking, reproducing home 
preparation. 
 
Sensory evaluation of samples: 
 
Sessions of 10-12 consumers were organised for 
meat evaluation. Each consumer assessed 3 
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pieces of meat, one from each type of animal 
(FE, LBT and MBT). The order of presentation 
of samples was rotated using a partial Latin 
square design to avoid any first sample and 
carry-over effect [5] and the identity of the 
samples was not given to consumers. The 
attributes ‘Delicious’, ‘Odour’ and ‘Taste’ were 
rated on a scale going from 1 = ‘dislike very 
much’ to 9 = ‘like very much’, whereas the 
attributes ‘Abnormal odour’, and ‘Abnormal 
taste’ were scored between 1 = ‘low perception’ 
to 9 = ‘strong perception’. The intermediate 
level (5) was not included to stimulate 
consumers to commit themselves and not to 
allow the easiest response [7]. 
 
Sensitivity to androstenone: 
 
Consumers were checked for androstenone 
sensitivity after they had assessed the meat 
samples, by smelling crystals of pure substance 
following the protocol described by Weiler et al., 
[8] with some modifications. Consumers were 
asked about their capability to smell 
androstenone (Not able to smell it: ‘Insensitive’; 
Able to smell it: ‘Sensitive’) and the odour 




Data analyses were conducted using SAS 
Statistical Package (SAS Inst., Inc., Cary, NC, 
USA, version 9.2). In order to establish different 
clusters of consumers a hierarchical cluster 
analysis was performed with the CLUSTER 
procedure and the Ward method. The cluster 
analysis was conducted on the basis of the 
attribute “delicious”.  
For each cluster, the MIXED procedure was 
used to analyse the acceptability of odour and 
flavour by consumers, the model included the 
type of animal and country as fixed effects, 
session as blocking effect and consumer as 
random effect. The interaction Type of animal 
and Country was removed of the model because 
it was not significant (P<0.05). Differences were 
declared at P<0.05.  
 
III. RESULTS AND DISCUSSION 
 
The description of consumers according to the 
gender, age and educational level is described in 
Table 1.  
Due to the fact that the interaction between Type 
of meat and country in each cluster was not 
significant, results for each one are presented 
considering all consumers together.  
Additionally, no significant differences were 
found between countries for each cluster.  
 
Table 1. Description of consumers participating in 

























Country   
   
Barcelona (ES) n  









Reading (UK)  n   











   
Gender (%)  
   
Male 48 53 39 43 
Female 52 47 61 57 
Age (%)  
   
18-25 15 15 14 18 
26-40 24 26 25 16 
41-60 42 40 41 50 
>60 19 19 20 16 
Educational level (%)  
   
Primary studies uncompleted 1 2 0 0 
Primary studies 8 10 3 9 
Secondary studies 58 59 56 57 
University studies 32 28 41 34 
 
 
How delicious do you find the meat?  
 
A total of three clusters were identified on the 
basis of “how delicious do you find this meat”. 
These clusters did not display any relevant 
difference on the basis of demographic 
variable (age, gender and educational level; 
Table 1). Figure 1 shows least square means 
and standard error of the scores that consumer 
gave to each attribute for each type of meat: 
female (FE), LBT (low boar taint) and MBT 
(medium boar taint).  
The first cluster (n=169, 62.1 % of the sample; 
57% from Barcelona and 43% from Reading) 
comprises respondents that gave high scores to 
all types of samples. These consumers were 
labelled as ‘Pork lovers’. 
The second cluster (n=59, 21.7 % of the 
sample; 31% from Barcelona and 69% from 
Reading) comprises respondents that liked the 
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boar taint and therefore, the higher the level of 
boar taint, the higher the score to the attribute 
‘Delicious’. These consumers were considered 
as ‘Boar meat lovers’. 
The third cluster (n=44, 16.2 % of the sample; 
25% from Barcelona and 75% from Reading) 
comprises respondents that did not liked the 
boar taint and therefore, the lower the level of 
boar taint, the higher the score to the attribute 
‘Delicious’. These consumers were considered 















Figure 1. Least square means and standard error of 
the scores given to the attribute ‘Delicious’ for 
each type of meat (FE: female; LBT: low boar taint 
levels; MBT: medium boar taint levels). 
 
Taste of the meat  
 
Figure 2 shows the least square means and 
standard error of the score given to the Taste 
(from ‘dislike very much’ to ‘like very much’) 
and to ‘Abnormal taste’ (from ‘low 
perception’ to ‘strong perception’). 
Considering the taste of the meat, the three 
clusters followed the same pattern as the one 
observed in Figure 1. As for ‘Abnormal taste’, 
the pattern was the opposite for the three 
consumers: Cluster 1: scored low levels of 
abnormal taste in the three types of meat; 
Cluster 2 (Boar meat lovers) gave the lowest 
scores to the meat with boar taint; Cluster 3 
(gilt meat lovers) gave lowest scores to meat 
from Female. 
 
Odour of the meat  
 
Figure 3 shows the least square means and 
standard error of the score given to the Odour 
(from ‘dislike very much’ to ‘like very much’). 
With regard to the odour of the meat, the three 
clusters followed a similar pattern that the one 
observed for the attribute ‘delicious’ and 
‘taste’. When considering the strength of the 
‘abnormal odour’ (data not shown), scores 
were very small (low perception) for all of 
them. The very low perception of odour can be 
explained because the samples were prepared 
0.5 cm thin and they cooled down very quickly 



























Figure 2. Least square means and standard error of 
the scores given to the attribute ‘Taste and 
‘Strength of Odour’ for each type of meat (FE: 
female; LBT: low boar taint levels; MBT: medium 
boar taint levels). 
 
Sensitivity to androstenone 
 
Table 2 shows the percentage of consumers 
that eat pig meat with or without the fat, and 
their capability to smell androstenone and the 
odour preference.  
Results show that 57.6 % of consumers from 
cluster 2 (Boar meat lovers) usually eat meat 
with the fat, whereas 56.8 % of consumers 
from cluster 3 (Gilt meat lovers) usually 
remove fat before eating pig meat. 
With regard to sensitivity to pure crystals of 
androstenone, similar percentages of anosmic 
consumers were found in Cluster 2 and Cluster 
3 (about 36 %). The percentage of consumers 
rejecting androstenone smell (‘I don’t like the 
smell’) is similar in all the three clusters. It is 
important to highlight that the concentration of 
boar taint compounds in the meat were 
considered medium levels [9], while the 
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concentration of the sensitivity test was very 
















Figure 3. Least square means and standard error of 
the scores given to the attribute ‘Odour’ for each 
type of meat (FE: female; LBT: low boar taint 
levels; MBT: medium boar taint levels). 
 
Table 2. Percentage of consumers eating pork meat 
with or without the fat, and their capability to smell 

















n 169 59 44 
When you eat the pork meat, do you eat it…   
...without the fat 49.7 42.4 56.8 
...with the fat 50.3 57.6 43.2 
Do you like this smell? 
anosmic 45.0 35.6 36.4 
no 40.2 42.4 40.9 
neutral 4.1 10.2 9.1 




This study has identified three segments of 
consumers that scored differently meat with 
different levels of boar taint, based on the 
deliciousness attribute. The first group was 
identified as ‘pork lovers’, the second group 
(Boar meat lovers) scored better the meat from 
entire male pigs with medium levels of boar taint, 
and the third one (Gilt meat lovers) scored better 
the meat from gilts.  These results suggested that 
there might be a niche for meat with medium 
levels of boar taint compounds.  
Further research is needed to elucidate if these 
three clusters are also identified when using 
higher levels of boar taint, and to elucidate if 
these differences are consistent in other 
European countries.  
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Abstract – Pig production is one of the major 
activities in Spain. Less than 20% of pigs are 
castrated mainly for meat quality purposes and to 
avoid boar taint. Due to the negative impact of 
castration to animal welfare European Union has 
planned to voluntary end surgical castration by 2018. 
The aim of this study was to know the attitudes of 
different stakeholders about this banning. Focus 
group methodology was used to assess it with the 
different stakeholders involved. Results showed that 
the stakeholders from farms and industry feel that 
because production of entire male pigs in Spain is 
already high, ending castration might not be a 
problem in a near future. Farmers, industry and 
retailers think that exceptions to the declaration for 
high quality products such as differentiated quality 





Pig production is the most important livestock 
farming activity in Spain. A total of 41.6 million 
of pigs were slaughtered during 2012, which 
represents 3.5 million tonnes of pig meat; 29.7% 
of Spanish meat production is exported to other 
countries. Nowadays, less than 20% of male pigs 
in intensive production are castrated –this accounts 
for about 8 million pigs/year–. Animals are 
castrated according to legislation (Commission 
Directive 2001/93/EC), mainly to maintain good 
meat quality traits. Castration avoids the presence 
of boar taint on carcasses and produces an 
accumulation of intramuscular fat improving 
sensory quality of fresh meat and meat products. 
Boar taint is caused by two compounds which are 
accumulated in the fat of entire males: 
androstenone [1] and skatole [2]. Different studies 
have concluded that the presence of boar taint on 
meat from entire males may affect negatively the 
acceptability of pork by consumers [3-5]. 
 
However, castration of pigs has generated a debate 
on European Union (EU) due to its negative 
impact on animal welfare. In a meeting with 
representatives of European farmers, meat industry, 
retailers, scientists, veterinarians and animal 
welfare NGOs committed themselves to 
voluntarily end surgical castration of pigs in 
Europe by January 2018 (European Declaration on 
alternatives to surgical castration of pigs [6]. 
 
The aim of this study was to gain insights on 
attitudes from representatives of various types of 
stakeholders from Madrid and Barcelona about the 
impact of a potential banning of piglet castration 
in Europe by 2018. 
 
 
II. MATERIALS AND METHODS 
 
The focus group as a qualitative methodology was 
used to assess the attitudes of stakeholders. Focus 
groups are particularly useful when there are 
powerful differences between the participants and 
decision-makers or professionals and when it is 
interesting to explore the degree of consensus on a 
given topic [7].  
 
The Focus groups were organized in the two main 
cities where the majority of the pork stakeholders 
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are located, Barcelona (21st November 2012) and 
Madrid (12th February 2013). The following 
stakeholders were identified: farmers, meat 
industry, retailers, HORECA (Hotels, Restaurants 
and Catering), consumers’ organizations and 
government representatives. Two representatives 
from each stakeholder were invited. For each city, 
stakeholders were distributed in two sessions: FG1 
included stakeholders from farms, meat industry 
(abattoirs and cutting plants) and government 
representatives. FG2 included stakeholders from 
retailers, HORECA and consumers (including 
consumers’ organizations and individual 
consumers). A total of 26 participants were 
distributed in the two types of focus groups. The 
participants in FG1 were: representatives of 2 
farmer associations, stakeholders from meat 
industry with one representative of a big slaughter 
company, 2 small cutting plants, 1 big meat 
industry and 2 small ones, and 5 government 
representatives. The participants in FG2 were: 3 
representatives from retailers, stakeholders from 
butcheries with 3 individual butchers and 1 
representative of a butchers association, one 
representative of a big catering company and the 
owner of a restaurant as HORECA stakeholders, 
and consumer stakeholder with 3 individual 
consumers and a representative of a consumers’ 
organisation. 
 
Focus groups were conducted following the 
standard procedures [7]. All the sessions were 
made in an appropriate room where a moderator 
led the session. Each focus group lasted 55-60 min. 
The Focus group sessions were recorded and field 
notes were also taken during the sessions. 
Discussion topics were chosen carefully to reach 
properly the objective of the study (Table 1). 
Table 1 Focus Group Topics 
1 Impact of banning castration on pig production – 
Boar taint 
2 European Declaration on alternatives to surgical 
castration of pigs 
3 Differences in meat quality between castrated and 
entire males 
4 Impact on Exportations  
5 Quality criteria when purchasing pig meat 
6 Relative importance of animal welfare 
 
Transcriptions and field notes were then analysed 




III. RESULTS AND DISCUSSION 
 
1. Impact of banning castration on pig production 
– Boar taint  
Regarding the impact of banning castration on pig 
production, participants from FG1 stated that from 
their point of view, if the castration is banned in 
the near future there will not be a problem: “Since 
nowadays only 30 % of pigs are castrated, this 
means that 70% are not castrated and that we do 
not have a problem at all”. However, from the 
farmers’ point of view, pigs are castrated due to 
animal behavior grounds: “entire male pigs are 
more aggressive and have anomalous behavior. 
That’s why we decided to castrate piglets”. During 
the discussion, FG1 participants were also 
concerned about the idea that Iberian pigs could be 
affected by the potential banning of piglet 
castration. 
Taking into account the opinions expressed in FG2, 
most of participants (HORECA and consumers) 
were not aware that pigs might be castrated. 
However, from the retailers point of view, it is 
important to know the sex of the animal and if the 
pig has been castrated or not.  
 
2. Knowledge about the European declaration on 
alternatives to surgical castration of pigs.  
The knowledge about the European Declaration on 
alternatives to castration of pigs was different 
among the different stakeholders. Stakeholders 
representing government, farmers and meat 
industry showed high knowledge about it. They 
knew and reinforced that it is a voluntary 
declaration until 2018 and that so far, there is not a 
compulsory regulation. However, they all agreed 
in having the feeling that this would become a 
compulsory regulation. They were also aware that 
the declaration also considers a list of traditional 
productions (products that require pigs with 
certain amount of fat or heavier pigs) which might 
be an exception to this declaration: PSO (Protected 
Designation of Origin), PSI (Protected 
Geographical Indication) or TSG (Traditional 
Specialties Guaranteed), although “this list has not 
been prepared yet”. The other stakeholders 
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(HORECA and consumers) were not aware about 
the European Declaration. 
 
3. Differences in meat quality between castrated 
and entire males. 
Regarding productive and quality traits differences 
between castrated versus non castrated pigs, 
participants agreed that “entire males have higher 
performance than castrated pigs”. For farmers in 
FG1 “the reason for abandoning piglet castration 
was the productive performance”.  
Since the production of entire male pigs is also 
related to boar taint, farmers also said that “if you 
don’t exceed certain weight, boar taint doesn’t 
appear”. In general, most of participants agreed 
that the slaughter weight of pigs has decreased 
lately mainly to avoid boar taint: “entire male pigs 
are slaughtered at an earlier age, around 6 
months old”, 
At this point, retailers said that they do not like to 
sell meat of these young animals because “the 
meat is not mature”. 
Although not all the retailers were aware about the 
relationship between the production of entire male 
pigs and boar taint, some of them were very 
concerned about the potential accumulation of 
boar taint. Being or not being aware of boar taint, 
all retailers agreed that “knowing the sex of the 
animal is important; meat from castrated animals 
is good to produce high quality products because 
of the higher fat content”. 
Producers and retailers agreed that boar taint is 
more problematic in fresh meat than in cured 
products. 
Retailers commented that consumers want meat 
with less fat content because they feel that it is 
healthier. 
 
4. Impact on Exportations 
Dealing with the potential impact of a possible 
compulsory banning of castration on pig meat 
exportation, participants from FG1, mainly 
farmers and meat industry, said that this potential 
banning of piglet castration would not be a 
problem for exportation because “market is mainly 
driven by price instead of meat quality”. In fact, 
they agreed that “the rate of castration is already 




5. Quality criteria when purchasing pig meat. 
Participants were also asked about their 
purchasing criteria when buying meat. Answers 
were mainly focused on “meat color”, “fat 
content”, “general aspect of meat” and “humidity”. 
They also agreed that texture and taste are also 
important, but these later attributes are only 
perceived after the consumption of the meat. They 
pointed out other attributes such as “origin”, 
“freshness”, “preservation of meat” and “age” of 
animals which was related to meat tenderness. 
“Price” was only mentioned by an individual 
consumer, but the other participants agreed with 
him. 
 
6. Relative importance of animal welfare. 
Results showed that in Spain, the animal welfare is 
not a determinant factor when purchasing meat. In 
addition to high quality products, some consumers 
could demand “a welfare certification including 
no-castration”. However, consumers’ stakeholder 
stated that despite the fact that “Spanish 
consumers are less concerned about animal 
welfare [in comparison to northern countries] and 
are not aware of current practices of piglet 
castration”, for Spanish consumers it is important 
that “the animal does not suffer”. If pigs were 






According to Spanish stakeholders representing 
farmers and meat industry, in conventional pig 
production a ban of piglet castration in Europe by 
2018 might not be a problem because currently a 
high percentage of entire males is already 
produced. However, there is a concern for meat 
used to produce high quality products, in which fat 
content is important. On the other hand, from the 
retailers’ point of view, the fact of using lighter 
carcasses (with the aim to reduce the prevalence of 
boar taint) is not a good alternative because of 
meat quality traits. We can detect a conflict of 
interest depending on the type of stakeholder. 
Consumers’ stakeholders and individual 
consumers were not fully aware of common 
practices for piglet castration, and in fact, 
comparing it to the common practices of castration 
of pets, they are less concerned about this point. 
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Abstract – The presence of boar taint in entire male 
pigs might be a problem for consumers that consider 
it as an off and undesirable odour and flavour 
(between 10 to 48% of consumers). Objective 
knowledge of the prevalence of carcasses with boar 
taint could be useful for the pig sector in order to 
avoid speculations and to know the scope of the 
topic. Consumers’ thresholds for the two main 
compounds responsible of boar taint have been 
defined in previous studies as 0.20 µg/g of fat for 
skatole and 1.0 µg/g of fat for androstenone. The 
aim of this study was to determine the prevalence of 
boar taint in Spanish farms. A total of 903 samples 
from subcutaneous fat from entire male pigs were 
selected, and as a preliminary result, skatole and 
androstenone content is studied in 451 samples using 
human nose methodology and chemical analysis. 
According to these results and the thresholds 
defined, samples were then classified as low, 
medium and high levels of boar taint. Results 
showed that 24 % had low skatole levels, 6 % had 
medium levels and 10 % high levels, and 60.3% had 
levels below the threshold. With regard to 
androstenone levels, 13 % had low levels, 8 % 
medium levels and 6 % high levels, and 73.4% had 




Pig production is one of the major activities in 
Spain. The castration of male piglets is estimated 
to be carried out on less than 20 %, according to 
sector information of the total production, mainly 
to avoid the presence of boar taint in meat and 
pork products that may affect consumers’ 
acceptance [1-2]. Percentage of consumers who 
perceived the meat odour as abnormal varied 
between 10 to 48% depending on the boar taint 
concentration [3]. Boar taint is mainly due to the 
accumulation in the fat of two compounds: skatole, 
a breakdown product of the amino acid tryptophan 
in the large intestine [4], and androstenone, a 
pheromone produced in the testis [5]. Although 
skatole is perceived by 99% of consumers, some 
consumers are anosmic for androstenone and 
therefore are not able to perceive it [6]. The 
common accepted thresholds are 0.20 µg/g of fat 
for skatole and 1.0 µg/g of fat for androstenone [7]. 
In an European study conducted in six countries 
between 1995 and 1996 over 4000 entire male pigs 
were studied, overall the 29% of pigs had levels 
above the threshold of 1.0 µg/g for androstenone 
and the 15% had levels above 0.20 µg/g for 
skatole. In Spain about 22.5 % of entire male pigs 
had skatole levels above 0.25 µg/g and 42 % had 
androstenone levels above 1.0 µg [8]. 
 
No recent studies about skatole and androstenone 
levels in pigs from the Spanish farms are available, 
so the objective of this study was to know the 
prevalence of boar taint in Spanish entire male 
pigs’ production, by measuring skatole and 
androstenone levels using human nose 
methodology and chemical analysis. 
 
II. MATERIALS AND METHODS 
 
Subcutaneous fat samples from commercial entire 
male pigs were collected in 5 Autonomous 
Regions (Aragón, Catalunya, Castilla y León, 
Madrid and Murcia). Thirty Spanish farms were 
screened, 6 farms from each region and 30 
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samples per farm. Crossbreed, hot carcass weight 
and fat thickness at the last rib level were recorded 
with a ruler for each pig. 
 
Presence of boar taint was firstly scored with the 
methodology known as human nose using a 
soldering iron [9]. In this study 3 trained panellists 
identified fat samples with presence/absence of 
boar taint. Samples with presence of boar taint 
(according to the human nose) were all analysed. 
Detection limits of panellists were 0.20 µg/g of 
adipose tissue for androstenone and 0.03 µg/g of 
adipose tissue for skatole, so samples classified as 
‘absence of boar taint’ by the panellists were 
considered to have <0.20 µg/g of adipose tissue 
for androstenone and <0.03 of adipose tissue µg/g 
for skatole. Considering samples identified as free 
of boar taint, one ‘negative’ sample from each 
farm was also analyzed. 
 
Skatole and indole concentrations in fat were 
determined in a subsample by HPLC (High-
performance liquid chromatography) methodology 
described by García-Regueiro et al. [10], 
androstenone concentration was determined 
according to Rius et al. [11] by GC-MS (Gas 
chromatography–mass spectrometry). According 
to the levels of Androstenone and skatole, samples 
were classified as follows [12]: 
For skatole (SKA): 
- No boar taint: <0.03 µg/g adipose tissue 
- Low: 0.03≤ SKA<0.10 µg/g adipose tissue 
- Medium: 0.10≤ SKA <0.19 µg/g adipose tissue 
- High: SKA ≥0.20 µg/g adipose tissue 
 
For androstenone (AND): 
- No boar taint: <0.2 µg/g adipose tissue 
- Low: 0.2≤ AND <0.5 µg/g adipose tissue 
- Medium: 0.5≤ AND <1.0 µg/g adipose tissue 
- High: AND ≥1.0 µg/g adipose tissue 
 
Statistical analysis was performed using the SAS 
software (SAS Institute Inc., Cary, Nc, USA v. 
9.2). Means and standard deviation of hot carcass 
weight (kg), Fat thickness (kg), skatole (µg/g 
adipose tissue) and Androstenone (µg/g adipose 
tissue) were calculated using mean procedure of 
SAS. Differences between Spanish regions were 
studied using the mixed procedure of SAS. Hot 
carcass weight was included as covariate when 
calculating Fat thickness. Differences were 
adjusted with Tukey's test. Significance level was 
fixed at P<0.05. 
 
III. RESULTS AND DISCUSSION 
 
A total of 903 samples were screened from 5 
autonomous regions: Aragón (n=180 from 6 farms 
and 2 abattoirs), Catalunya (n=180 from 6 farms 
and 2 abattoirs), Castilla y León (n=180 from 6 
farms and 1 abattoir), Madrid and Castilla la 
Mancha (n=180 from 6 farms and 1 abattoir), and 
Murcia (n=183 from 6 farms and 1 abattoir).  
Results showed significant differences among 
Autonomous Regions in carcass weight (P<0.001). 
Castilla y Leon showed the highest carcass weight 
(lsmeans= 85.3±0.56kg), and Murcia (lsmeans= 
75.5±0.56 kg) and Madrid and Castilla la Mancha 
(lsmeans= 77.5±0.56 kg) showed the lowest 
(Table 1). With regard to the crossbreed, most of 
the pigs (73.4 %) were Pix(LWxLS), the rest were 
crossbreds such as (LWxLS)xDu and Pix(LSxMS). 
Table 1. Mean, standard deviation, minimum and 
maximum values of hot carcass weight and fat 
thickness. 
Hot carcass weight (kg) mean SD min max 
Aragón 80,4 8,20 57,0 105,4 
Catalunya 78,1 7,05 57,5 102,5 
Castilla y León 85,4 8,02 65,6 119,6 
Madrid y Castilla la Mancha 77,5 7,00 58,6 100,8 
Murcia 75,5 7,37 46,5 98,8 
Global 79,3 8,26 46,5 119,6 
     
Last rib fat thickness (mm) mean SD min max 
Aragón 18,7 4,33 2 30 
Catalunya 16,6 3,91 5 26 
Castilla y León 18,8 4,13 9 30 
Madrid y Castilla la Mancha 19,3 6,09 4 35 
Murcia 18,7 6,11 5 35 
Global 18,4 5,09 2 35 
 
As a preliminary result, a subsample of 451 
samples from Aragón, Catalunya and Murcia was 
first classified with a trained panel using the 
human nose method. A total of 267 samples were 
classified as absence of boar taint by the 3 
panellists. Fourteen samples (one sample from 
each farm at random) classified as ‘absence of 
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boar taint’ were analysed for boar taint compounds 
to confirm the answer of the panellists. Samples 
classified as ‘absence of boar taint’ had low levels 
for skatole (0.04 ± 0.012 µg/g adipose tissue) and 
low levels for androsntenone (0.18 ± 0.166 µg/g 
adipose tissue). Samples classified as ‘presence of 
boar taint’ by the 3 panellists, were all analysed 
for the androstenone and skatole levels. Table 2 
shows androstenone and skatole levels of all the 
samples, including those evaluated as ‘absence of 
boar taint’ by the panellists. Considering 451 
samples studied, 24 % had low levels of skatole, 
5.5 % showed medium levels and 10.2 % of 
samples showed high levels of skatole, and 60.3 % 
had boar taint levels below the threshold. With 
regard to androstenone levels, 12.6 % showed low 
levels, 8.4 % showed medium levels and 5.6 % 
showed high levels, and 73.4 % had boar taint 
levels below the threshold. 
Table 2. Skatole and androstenone content (µg/g 
adipose tissue) in commercial carcasses. 
Skatole (µg/g adipose tissue) 
 N mean SD min max 























0.06 0.140 0.00 1.16 
Androstenone (µg/g adipose tissue) 
 N mean SD min max 























0.06 0.425 0.00 4.77 
1 No boar taint includes samples classified with the human 
nose panellists. 
Fig. 1 shows the distribution of androstenone and 




Although the presence of entire male pigs with 
high levels of boar taint in Spanish farms was not 
high in percentage, in absolute number of animals 
it might be a problem for consumers that reject 
boar tainted meat, because it means a noteworthy 
number of pigs, taking into account the high 
number of pigs annually produced in Spain. 
Consumer studies are needed to ascertain the 
rejection levels and to know the percentage of 
preferences and liking of the meat and meat 
products, and then the sector might take decisions 
about it. 
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